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GENERAL NOMENCLATURE 


SYMBOL 

DEFINITION 

EX 

Space Shuttle external tank 

0 

Space Shuttle Orbiter 

SRB 

Space Shuttle Solid Rocket Booster 

SSLV 

Space Shuttle Launch Vehicle 

Base 

Locations on the Space Shuttle where the nozzle exhaust plumes 
are the primary influence in determining the local pressure 
environment 

Components 

Portions of the Orbiter; wing, body flap, etc. 

Elements 

Primary elements of the SSLV, Orbiter, ET, SRB r s 

Forebody 

Locations on the Space Shuttle where the nozzle exhaust plumes 
are the secondary influence in determining the local pressure 
environments 
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TEST NOMENCLATURE 


Symbol- 

General : 

C A 

C B V 

C B W 

C H 

C H Ei 


'H E( 


M 

C N 

% 

C TV 

C T H 

C Y 

% 

% 

L 

S 


B 

F 

S 

DEL 


Definition 

Axial force coefficient 

Vertical tail bending moment coefficient 
Wing-root bending-moment coefficient 
Hinge moment coefficient 

Hinge-moment coefficient for inboard elevon. 

Hinge-moment coefficient for outboard elevon. 

Rolling moment coefficient 

Pitching moment coefficient 

Normal force coefficient 

Wing normal-force coefficient 

Vertical tail torsion moment coefficient 

Wing-root torsion-moment coefficient 

Side force coefficient 

Yawing moment coefficient 

Vertical tail shear force coefficient 

Reference length, in. or ft. defined in Table 6-14 
2 

Reference area, ft defined in Table 6-14 
SUBSCRIPTS 

Base 

Forebody - fuselage 

Determined using power on pressure coefficient 

Determined using power-on minus power-off delta 
pressure coefficient 


0 


Orbiter 



Engineering & Techno/ogy Group 


TEST NOMENCLATURE 


ET 

ET 


SRB 

SRB 


PON 

Power 

On 

POF 

Power 

Off 


xi 



Eng/neering & Technology Group 


Symbol 


P. 


ACp , 


Pa, 


CPR. 

J 


Y i 

P /P 
c 00 

P /P 
c 03 

p /p 
c e 


ORB 

SRB 


P /P ,, 

c wall 

6 

1 


N 


Deflections : 


6 £i 

5 e 0 


GAS DYNAMIC NOMENCLATURE 

Definition 

Pressure (absolute) at model surface tap i, psia 
Pressure coefficient for model surface tap i. 

^Power On ^Power Off 

Chamber pressure (absolute) for nozzle j, psia 
Exit pressure (absolute) for nozzle j , psia 
Chamber-pressure ratio for nozzle j 
Ratio of specific heats for nozzle J 
SSME chamber to freestream pressure ratio 
SRB chamber to freestream pressure ratio 
Chamber to exit nozzle pressure ratio 
Chamber to nozzle wall pressure ratio 
Initial plume expansion angle 

Exponent of ratio of specific heats and in similarity 
parameters 


Left inboard eleven setting, corrected for load deflection, 
deg. 

Left outboard elevon setting, corrected for load deflection, 
deg. 

Pitch-angle of nozzle-j axis in a plane parallel to the 
Orbiter plane-of-symmetry , deg. 

Pitch-angle of nozzle-j axis in a plane which yaws with 
the nozzle, deg. 

Yaw-angle of nozzle-j axis in an Orbiter waterplane, deg. 
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Test Operations; 


M 

Freestream Mach number. 

Re/ft 

Freestream unit Reynolds number, ft" 

q 

Freestream dynamic pressure, psf. 

Ho 

Freestream static pressure, psia. 


Freestream total pressure, psia. 

T 

Freestream static temperature; °R. 

TT 

Freestream total temperature, °R. 

oc 

Model angle ~of-attack, deg. 

fi 

Model angle -of-s ides lip, deg. 

^SRB 

SRB supply total temperature, °R. 

^MPS 

MPS supply total temperature, °R. 

P 

C MPS 

MPS supply total pressure, psia. 

P 

C SRB 

SRB supply total pressure, psia. 


xiii 
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Section I 
INTRODUCTION 

The analysis of pressure and. gauge wind tunnel data from Space Shuttle 
wind tunnel test IA119 was performed to define the aerodynamic influence of the 
main propulsion system (MPS) and solid rocket booster (SRB) plumes on the total 
vehicle, elements, and components cf the Space Shuttle vehicle during the 
transonic portion of ascent flight. 

Wind tunnel test IA119 was a transonic test of a 0.02 scale model of the 
Space Shuttle launch vehicle. The wind tunnel test was conducted in the 11 x 
11-foot section of the NASA/AMES Research Center Unitary Plan Wind Tunnel. 
Pressure data were obtained over the aft portions of the wind tunnel model in 
addition to wing and elevon gauge data. 

Air was used as a simulant gas to develop the model exhaust plumes. A 
portion of the test was devoted to testing at various power levels. Data from 
the power level portion was used in conjunction with prototype base pressure 
possibility curves to evaluate nominal power levels to be used during the 
investigation of changes in model attitude, elevon deflection and nozzle gimbal 

angle. The simulation parameter used to develop nominal power levels was 

N N 

[<$. Y. i = [6.Y- where N varies with Mach number. 

3 3 J pR0T 3 3 MODEL 

The plume induced aerodynamic loads were developed for the Space Shuttle 
base areas and forebody areas. The base areas include the orbiter base 
including nozzles, ET base and SRB base. The forebody includes the orbiter 
areas forward of the base, including the body flap, the wings and elevens, and 
ET and SRB areas forward of the base. 

A math model of the plume induced aerodynamic characteristics was developed 
for a range of Mach numbers to match the forebody aerodynamic math model. The 
base aerodynamic characteristics are presented in terms of forces and moments 
versus attitude. Total vehicle base and forebody aerodynamic characteristics 
are presented in terms of aerodynamic coefficients for Mach number from 0.6 
to 1.4. Element and component base and forebody aerodynamic characteristics are 

presented for Mach numbers of 0.6, 1.05, 1.1, 1.25 and 1.4. These Mach numbers 
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are compatible with defined forebody aerodynamic characteristics except for Mach 
1.4. The forebody data is available at Mach 1.55. Base and forebody plume 
induced data is provided at Mach 1.4 because Mach 1.4 was the highest Mach 
number for which data is available at the present time. 

Tolerances were developed for all plume induced aerodynamic charac- 
teristics. The tolerances are developed in terms of a math model and include 
simulation parameter uncertainties, model instrumentation uncertainties, model 
configuration uncertainties including tunnel-model support interference 
uncertainties and Reynolds number effects. 
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Section II 

WIND TUNNEL MODEL 


The wind tunnel model was a ,02 scale space shuttle launch vehicle con- 
figuration. The wind tunnel model is designated - 88 OTS Configuration 140C 
(modified) Jet - Plume Integrated Space Shuttle Vehicle. The wind tunnel model 
is essentially the same as was used for an earlier Space Shuttle plume test 
IA19, conducted in 1974. The major difference being that the contoured SSME 
flow through nozzles were used during the IA119 test and conical SSME nozzles 
were used during the IA19 test. The orbiter model was the 140C model configura- 
tion which generally represents the OV101 orbiter mold lines. The 0V102 mold 
lines have significant differences in the canopy contour, the wing section 
near the glove-wing fairing, and the elevon contour. Details of the model 
configuration can be obtained from the pretest report (reference 1) * 


The model was strut mounted as shown in Figure 2-j.. Cold air was supplied 
through the strut to the SSME and SRB nozzles. An air supply strut was mounted 
between the ET and orbiter to supply air to the simulated SSME nozzles as shown in 
Figure 2-2. The SSME nozzles were contoured with an exit plane lip angle of 5 
degrees. The SRB nozzles were conical with a lip angle of 27.5 degrees. Sche- 
matics of the SSME and SRB nozzle internal contour are presented in Figures 2-3 
and 2-4. Calibration data for the nozzles are presented in Section IV. Details 
of the model configuration can be obtained from the pretest report (reference 1) . 


The left orbiter wing was strain-gauge instrumented to obtain wing shear 
forces, root bending moments and torsion moments. The inboard and outboard 
elevens on the left wing were also separately strain-gauge instrumented to obtain 
hinge moments. The right orbiter wing and elevens were pressure instrumented. 

All base, nozzle, and portions of each element forebody were pressure instrumented. 

The flow through MPS nozzles and SRB nozzles were capable of being set at 
various gimbal-angle positions and several gimbal patterns were investigated. 

The inboard and outboard elevons were also capable of being set at various 
deflection angles and data were obtained for a series of elevon deflection 
combinations . 
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0.020 MODEL SCALE DIMENSIONS: 

R = 1.44290 IN. CONICAL NOZZLE e = 5 

e 

R. = 0.6453 IN. 
t 

R c = 2.9038 IN. 

= 1.3408 IN. 

a * 0.9019 IN. 
c 


Figure 2-4. SRB NOZZLE (Nl 0 J INTERNAL CONTOURS 
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Section III 
TEST CONDITIONS 


The IA119 wind tunnel test program was essentially conducted in two parts. 
Part one was a power variation test at zero attitude, where chamber pressure of 
the MPS and SHE model nozzles was varied. Part two was a test program at a 
nominal power level that includes various elevon deflections, nozzle gimbal 
patterns* and attitudes. 

Base pressure data, from the power variation test (Part 1) , was evaluated 
at the test site along with prototype plume characteristics to evaluate the 
nominal model nozzle plume characteristics and model chamber pressures. (See 
Section V for plume simulation discussion). These tests were conducted at zero 
angle of attack and zero angle of sideslip. Tests were conducted for a series 
of Mach numbers from 0.6 to 1.4, 

Part 2 of the test program consisted of testing the model using the 
nominal power levels developed in Part 1 over a range of attitudes and 
configurations (elevon deflections, gimbal angles, etc.). Data were obtained 
at nominal angles of attack of -8, -4, 0, and +4 degrees. The angles of side- 
slip were nominally 0, and +6 or +4 degrees. 

The data analysis procedure required a power-on and a power-off run 
sequence. The power-on data was required to obtain the power-on base pressure 
environments. The power-off data is used to evaluate the influence of power on 
changes in local pressure environments for use in the analysis of forebody 
plume induced aerodynamic characteristics. The development of the forebody 
plume induced aerodynamic characteristics also required testing at positive 
and negative sideslip angles, because portions of the model forebody had pres- 
sure instrumentation on only one side of the model. Thus four sets of test 
data were required to develop the plume induced aerodynamic data. The power-on 
and power-off run data sets used for analysis are presented in Tables 3-1 
through 3-9. These tables show the angle of sideslip schedule, the elevon 
deflections, and the nozzle gimbal angle run sets for each Mach number. The 
run numbers are arranged in terms of the model configuration at nominal power 
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levels (eleven deflection and gimbal angle) , then the power variation run 
lumbers, and then the roll 90 degrees run numbers. 

Each power run number has a sequence slash number that denotes a 
particular MPS and SRB power level. Figures 3-1 through 3-9 show the power 
level for each power run-sequence combination. The square shows the nominal 
power value used for the testing of the various elevon settings and gimbal 
angles . 

Tests were conducted at various elevon deflections corresponding to 
Schedule 6 and probable variations about schedule 6. Schedule 6 elevon 
deflections are presented in Figure 3-10. Plots of the various inboard and 
outboard elevon deflection angles evaluated during the test along with the 
nominal schedule 6 value are presented in Figures 3-lla through 3-lle. The 
elevon deflection closest to schedule 6 that was used to develop the plume 
induced aerodynamic data base is shown in each figure. 
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Section IV 

WIND TUNNEL MODEL NOZZLE CALIBRATION ANALYSIS 


An analysis of the model nozzle calibration data was performed to determine 
nozzle flow characteristics for the evaluation of model power levels. A range 
of model power levels were required for the power level variation portion of 
the test. Model nozzle wall pressures and exit plane pressures were plotted 
and compared with MOC results to evaluate the nozzle flow characteristics and 
to evaluate chamber to exit pressure ratios. The chamber to exit pressure 
ratios were required to evaluate the model plume characteristics. 


Initially it was anticipated that several model nozzle configurations 
would be used during the test program and thus a considerable amount of cali- 
bration data were evaluated. The test program ultimately used only the 2% con- 
toured SSME nozzle configuration and the 2% conical SRB nozzle configuration. 
The nozzle calibration data and instrumentation layout was obtained from 
references 2 through 6. The nozzle calibration tests were conducted for the 
IA19 Space Shuttle plume test (reference 7). This test (IA19) used essentially 
the same model hardware as the IA119 test. 


Summary model nozzle performance data are presented in Figures 4-1 and 
4-2 for the SSME model nozzles and the SRB model nozzles respectively. The 
average chamber to exit plane pressure used for the model SSME nozzle was 49.5. 
The average chamber to exit plane pressure used for the SRB nozzle was 66.0. 
These values were used to develop pretest pressure ratios for each Mach number. 

The SSME nozzle performance was close to the calibration data as shown 
in Figure 4-1. SSME nozzle number 2 was used to compute nozzle and SSME 
p'ume gas dynamic characteristics since the measured performance was closest 
to tne calibration results. The SSME nozzle performance for chamber pressures 
ae-.ir 300 psi was erratic indicating cases of nozzle flow separation. Condi- 
tions where the SSME nozzle chamber to exit pressure ratio dropped below 45 are 
noted for all data cases and the data was not used. 
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The SRB model nozzle performance was close to portions of the calibration 
data with little difference between the performance of the right and left SRB 
nozzles. The right SRB nozzle performance was used to calculate SRB model 
plume characteristics. The right SRB nozzle performance was closest to the 
nozzle calibration results. Model nozzle performance for chamber pressures 
less than 400 psi could experience nozzle wall flow separation for high ambient 
pressures (>9 psi) . Data where the SRB nozzle chamber to exit pressure ratio 
was less than 60 was not used. 

The SRB nozzle calibration data are presented in Figures 4-3 through 4-14. 
Difficulty was experienced in the analysis of the model SRB nozzle flow charac- 
teristics in evaluating an average chamber to exit plane pressure ratio. The 
near exit plane calibration data in Figures 4-11 through 4-14 show the large 
variation in exit plane pressure that was obtained during the nozzle calibration 
test. An analysis of the .01 scale SRB nozzle and the .02 scale SRB nozzle In 
conjunction with a MOC analysis indicated that a chamber to exit plane pressure 
ratio of 66 was the most representative. The post test analysis shown in 
Figure 4-2 shows that the pretest analysis produced a representative SRB model 
nozzle chamber to exit pressure ratio. 
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Section V 
PLUME SIMULATION 


The Space Shuttle plumes were simulated using cold air flowing through 
model nozzles. The model plume characteristics required to develop 
base and forebody pressure environments were determined using an iteration 
procedure requiring the development of "PROTOTYPE POSSIBILITY CURVES". 

Prototype possibility curves are curves of base pressure or base pressure 
coefficient versus prototype plume characteristics. An example prototype 
possibility curve is shown in Figure 5-1. The curve is called possibility 
curve since it is developed for a range of possible prototype base pressure 
environments. These curves were developed prior to the wind tunnel test for 
both the SSME and SRB prototype nozzles. The SSME possibility curves were 
developed using possible orbiter base pressure coef f i-^nts and the SRB possi- 
bility curves were developed using SRB possible base pressure environments. 
During the power level portion of the test, model base pressure data are plotted 
on the prototype possibility curves as shown in Figure 5-1. The model power 
level is determined where the model pressure curve crosses the prototype pres- 
sure curve. An iteration procedure is used when there are two variables 
involved that influence the base pressure, i.e. SSME power level and SRB power 
level. The possibility curves and the model pressure data used to determine the 
nominal power levels at each Mach number are presented in the Appendix. 

The form of the plume simulation equation used during the IA119 test 
program was the following (reference 8) 

* N . N 

o . y . = 5 . y . 

3 3 PROT. 3 3 MODEL 

where N is a function of Mach number. A plot of N versus Mach number is shown 
in Figure 5-2 and was obtained from reference 9. This curve was developed by 
correlating the base pressure in the near field and the far field developed 
from cold gas air and CF^ plumes. The plume induced near field and far field 
areas considered are shown in Figure 5-3. The model configurations used were 
single body single nozzle, single body triple nozzle and triple body configura- 
tions. The triple body configuration was similar to the ET-SRB space shuttle 
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configuration. The band on the curve represents the range of N for the various 
models used in the plume technology test (i.e., single body, triple body, etc.). 
The criteria used for correlation of the plume technology data was that the 
same base pressure occur for a five percent or less change in similarity 
parameter. The band represents the total spread of N for the various model 
and nozzle configurations considered in the plume technology program. 


An example of the similarity parameter data correlation for the far field 
wing is presented in Figure 5-4. Figure 5-4 shows the wing plume induced normal 
force versus SSME similarity parameter. These curves show good general separa- 
tion. The figure also shows that the wing plume induced increment in normal 
force is more sensitive to SRB power level than it is to SSME power level. 

The separation of the curves shows that the similarity parameter fits the data 
into distinct curves covering both positive and negative plume induced wing 
load conditions which shows good correlation and adds confidence to the 
similarity parameter used. 

N 

The similarity parameter <5.y. requires the development of "PROTOTYPE 
POSSIBILITY CURVES" using prototype MPS and SRB plume characteristics. The 



prototype similarity parameter are presented in Figures 5-5 through 5-7. The 
SRB prototype plume characteristics presented in Figures 5-5 and 5-6 have been 
subsequently updated. The SRB plume angle shown in Figure 5.5 is approximately 
1/2 a degree higher than the updated data. The "PROTOTYPE POSSIBILITY CURVES" 
are presented in the appendix. 


The prototype plume characteristics are a function of the motor chamber 
pressure and altitude and are therefore dependent on the ascent trajectory. 
The 3A ascent trajectory characteristics were used as a reference trajectory. 
The ascent trajectory characteristics that influence the prototype plume 
characteristics are presented in Table 5-1. 
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Section VI 
DATA ANALYSIS 

Five computer codes were used to analyze the IA119 data. These programs 
are: 1. SORT program, 2. Power Delta program, 3. Sigma V Punch, 4. Wind 

Tunnel Pressure Data Analysis and 5. Plume Integration. A brief discussion 
of each of these programs is presented below. 

SORT PROGRAM 

The SORT Program was used to sort the run and sequence data sets into 
basic groups of four. The four run groups consist of +B power-on, +B power-off, 

-B power-on and -S power off. The four run data sets were arranged in angle 

of attack sets of -8, -4, 0, 4. Flags were set to note a, 8, Mach, gimbal 

anc’ configuration incompatibility of the four run sets. (See Tables 1-9 Section III) 

The following tolerances were put on the data sets to check compatibility. 


VARIABLE TOLERANCE 
MACH .03 

a .25 

B .25 

B Sign 

Gimbal ^0 

CONFIGURATION NO. DO NOT AGREE 
RUN NUMBER/ SEQUENCE OUT OF PLACE 


INB 

'out 


+ .25 
+ .25 


The SORT program proved very useful in identifying errors in the post test 
run schedule and differences between the power-on and power-off model 
attitude. 
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POWER DELTA PROGRAM 

The Power Delta program was used to evaluate the change in the pressure 
data due to power. The program lists all data from the power on run and all 
data from the power off run and then subtracts the two data sets and lists 
the power delta's. This allows a rapid survey of the power delta's for abnormal 
numbers and a reference to the power on run and power off run to determine the 
error source. 


SIGMA V PUNCH 

The Sigma V Punch program was used in conjunction with the Power Delta 
program to sort the forebody power delta data into various elements and 
components and punch cards of the power delta in a format compatible with 
the "Wind Tunnel Pressure Data Analysis Program - WTPDA". WTPDA is an 
interactive graphic pressure data integration computer program which operates 
on the Sigma V Graphics System. 

WIND TUNNEL PRESSURE DATA ANALYSIS (WTPDA) 


. PROGRAM DESCRIPTION 

* 

WTPDA is an interactive computer graphics program which allows an engineer 

to apply his judgement to the smoothing of wind tunnel pressure data in a real 

time environment. The purpose of the program is to produce airloads which are 
» 

compatible with vehicle stability data and which reflect engineering judgement. 
WTPDA employs interactive computer techniques so that an engineer can develop 
balanced airloads in a timely manner. 

WTPDA can integrate pressure data on wings, vertical stabilizers, fins, 
cylinders, and arbitrary cross-section fuselages. Although WTPDA was developed 
specifically to* handle the Space Shuttle launch vehicle, it is capable of 
handling almost any arbitrary cross-section body. 
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The WTPDA program was used to plot and smooth the power delta CP‘s on the 
forebody. Only limited integration of pressures were performed to check the 
main pressure integration computer program which is discussed below. 


PLUME INDUCED PRESSURE INTEGRATION 

The Plume Integration computer program was the main tool used to analyze 
the IA119 pressure data. This computer program was developed specifically to 
analyze the IA119 pressure data and was used to integrate the pressure data 
to obtain base and forebody plume induced aerodynamic loads and moments. The 
computer program was developed to analyze four run sequences of positive and 
negative 3 sets. This operation is required since portions of the model 
have pressure data on only one side. Thus, to analyze the effects of sideslip 
required the evaluation of + and - 3 runs. An example of a four run data set 
used for analysis at Mach 0.6 would be run sets 153, 158, 155 and 156. These 
four sets are shown at the top of Table 3-1 as positive and negative sideslip 
data sets for elevon deflections of 10/9 and nominal nozzle gimbal angles. 

Both power-on and power-off data sets are required since a portion of the plume 
induced data uses power on pressure coefficients while other portions require 
only the change in pressure coefficient due to power. 


The analysis of the plume induced aerodynamic characteristics was performed 
using different pressure data over different portions of the vehicle. This type 
of analysis was required because of the unique configuration of the Space Shuttle 
and the model configurations used to obtain the forebody aerodynamic charac- 
teristics. The two types of pressure data used for analysis are: 1) The power 
on C^s for nominal SSME and SRB model power settings; and 2) The power delta 
C r s where = C - C 


Power 


^Power on ^Power off 
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The power on C ’s were used to evaluate the power-on base forces and 
P 

moments. The power delta C ' s were used to evaluate the change in forebody 

P 

aerodynamic characteristics. The location on the Space Shuttle vehicle where 
the different types of pressure data were used is shown in Figure 6-1. 

Following is a brief discussion of the analysis technique used to evaluate 
the plume induced aerodynamic characteristics. 

ORBITER ANALYSIS 
BASE 

A photograph of the IA119 model orbiter base is shown in Figure 6-2. The 
orbiter base includes the base plate, upper body llap areas, and SSME nozzle 
bells. The base, nozzle bells, and lower portions of the OMS pods are also 
included in the orbiter base. 

A complex base pressure integration procedure was used to develop base 
force and moment coefficients. The base pressure coefficients were integrated 
over the base areas and nozzles to determine base axial force coefficients. 

The nozzle configuration used corresponded to the prototype external nozzle 
contour, not the model external contour. The rational used was that the external 
model contour was sufficiently scaled to develop the base pressure environment, 
but not of the correct shape for the integration of the pressures to determine 
nozzle axial forces. A schematic of the SSME model and prototype nozzle 
configurations is shown in Figure 6-3. 

A different technique was used for the determination of nozzle normal 
forces and pitching moments. The Space Shuttle forebody aerodynamic characteris- 
tics include power off nozzle forces and moments. Thus, only the power delta 
forces and moment on the nozzles are included. The model nozzle configuration 
was used to develop the nozzle forces and moments since the normal forces and 
moments are developed near the exit plane where model nozzle geometric 
similitude is the best. The SSME nozzle hinge moments were determined using 
the nominal power-on pressure coefficients and the SSME model geometry. 

The SSME instrumentation layout is shown in Figure 6-4. The SSME tap-line- 
item and effective axial nozzle area is presented in Tables 6-1 through 6-3. 
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The SSME nozzle hinge moments were evaluated using the reference dimensions and 
sign convention shown in Figures 6-5 and 6-6. 


The orbiter base plate pressure instrumentation locations are shown in 
Figure 6-7, The base plate orifice, tap line item numbers, vertical locations 
and areas used to analyze the base plate are presented in Table 6-4. A 
schematic showing the relative area size assigned to each pressure is shown 
in Figure 6-8. The base plate total area was checked from several drawings as 
noted at the bottom of the tables. 

OMS PODS 

The OMS pods were analyzed using tbe effective areas and orientation as 
shown in Figure 6-9. Since only one OMS pod was instrumented, the effective 
area is for both pods. The base pressures were averaged at + and - 8 angle 
for a 8 run. Close proximity orbiter base plate pressures were used for the 
pod overhang areas. 

BODY FLAP 

The orbiter body flap instrumentation is shown in Figure 6-10. The 
effective areas are presented in Table 6-5. Only the upper portion of the body 
flap is included as part of the orbiter base. 

ORBITER FOREBODY 

The orbiter forebody pressure instrumentation layout is shown in Figure 
6-11. The forebody plume induced aerodynamic characteristics were evaluated 
using the power delta C^'s. An evaluation of the power delta C^'s at the 

highest power setting showed that the forebody power effects are confined to 
stations aft of 1375.0, thus only data in this area was considered. Radial ring 

locations are presented in Table 6-6. A major problem existed with the orbiter 
forebody in that no pressure instrumentation was located on the bottom aft 

portion of the orbiter forward of the body flap. The closest wing pressures 
were used to determine the plume induced pressure environment in this area as 
shown in Figure 6-11. 

WING AND ELEVONS 

The wing pressure instrumentation layout is presented in Figure 6-12. 

The wing power-delta pressures were evaluated at high power levels to determine 
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the wing spacial content of the plume induced effects. The limits of the 
plume induced effects were found to be limited to the area shown in Figure 
6-13. The pressure instrumentation used to evaluate the wing plume induced 
aerodynamics was thus limited to that shown in the figure. The net wing 
instrumentation used is presented in Tables 6-7 through 6-9. The resultant power 
induced wing loads from the pressure integration were different from the gauge 
data. The differences are shown in Figures 6-14 through 6-18. The wing power 
delta torsion moment from pressure integration had a different sign than the 
gauge data as shown in Figure 6-15. The gauge data indicates that the X^ p was 
forward of the elevon hinge line. The pressure data gave power induced load 
centers aft of the MRP which is believed to be more correct. The sign convention 
used for the wing plume induced aerodynamic characteristics is presented in 
Figure 6-19. 


VERTICAL TAIL 

The vertical tail instrumentation location is shown in Figures 6-20 and 
6-21. The sign convention used for the vertical tail forces and moments is 
shown in Figure 6-22. The effective areas are presented in Table 6-10. 


SRB BASE 

The SRB nozzle instrumentation layout is shown in Figure 6-23. The proto- 
type nozzle configuration was used to determine external aerodynamic loads. 

The nozzle configuration used is shown in Figure 6-24. The nozzle pressure 
integration was terminated at the compliance ring shown in Figure 6-25. The 
nozzle axial areas assigned to each pressure location is presented in Table 
6-11. The SRB nozzle hinge moment sign convention is the same as that used 
for the SSME as shown in Figure 6-26. 

SRB FOREBODY 

The SRB forebody instrumentation layout is shown in Figure 6-27 and the 
pressure integration area layout in Table 6-12. No consistent trend in power- 
delta pressure could be determined except on the skirt. Thus only the skirt 
area was used to determine power-induced forebody aerodynamic characteristics. 
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ET BASE 

The ET base instrumentation layout is shown in Figure 6-28. The area 
assignment is presented in Table 6-13. The area assignments were determined 
by plotting the ET base pressures and determining pressure contours for 
selected Mach numbers. The areas were then evaluated using the bade pressure 
contours . 

ET FOREBODY 

The ET forebody power delta pressures were evaluated at the highest power 
levels and no forebody pressure delta could be determined. Thus no ET fore- 
body was modeled. 

Reference areas, lengths, and moment reference locations used for all 
aerodynamic characteristics are presented in Table 6-14. 

The results of integration of the base pressure and the forebody power 
delta pressures have been listed in a special format which is discussed in 
Section VII. 
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Figure 6-7. ORBITER BASE PRESSURE INSTRUMENTATION 
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Figure 6-17. COMPARISON OF GAUGE AND PRESSURE DATA - INBOARD ELEVON HINGE MOMENT 
















Figure 6-21. VERTICAL TAIL AREAS 
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Figure 6-22. VERTICAL STABILIZER FORCE AND MOMENT SIGN CONVENTION 
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Figure 6-27. SRB FOREBODY INSTRUMENTATION 
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Figure 6-28. EXTERNAL TANK BASE PRESSURE INSTRUMENTATION LOCATION 













































































Table 6-4 


ORBITER BASE PLATE PRESSURE INSTRUMENTATION LOCATION AND AREAS 


ORIFICE LINE ITEM 2 AREA AREA N 3ASE 
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Table 6-5. ORBITER 


ORIFICE 
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BODY FLAP PRESSURE INSTRUMENTATION LOCATION AND AREAS 


LINE ITEM 
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Table 6-6. ORBITER FOREBODY AND OMS POD INSTRUMENTATION LOCATION 
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195.0 

23 

15 

16.94 

1194.0 

206.5 

0.0 

15 

3 

13.89 

1194.0 

296.5 

90.0 

15 

4 

11.10 

1194.0 

336.5 

90.0 

15 

5 

13.89 

1194.0 

37 1.5 

45 .0 

15 

6 

8 . 33 

1194.0 

416.5 

135.0 

15 

7 

11.10 

1194.0 

446.5 

135.0 

15 

8 

9.70 

1194.0 

471.5 

180. C 

15 

9 

11.10 

1194.0 

446.5 

225 ,C 

23 

15 

24.1 

1244.0 

213.5 

0.0 

206 

15 

13 

15.56 

1244 . 0 

296.5 

9 0.0 

207 

15 

14 

15.56 

1244 . 0 

336.5 

9 n .0 

208 

15 

15 

15.56 

1244.0 

371.5 

45.0 

209 

15 

16 

11.66 

1244 . C 

416.5 

1 3 C • C 

210 

15 

17 

15.56 

1244 e Q 

451.5 

135. C 

211 

16 

1 

7.77 

1244 . G 

471.5 

180.0 

212 

16 

2 

15.56 

1244 . 0 

451.5 

225.0 

214 

16 

3 

6.25 

1294.Q 

386 . 5 

45.0 

215 

16 

4 

6.25 

1294,0 

418.5 

110.0 

216 

16 

5 

15.62 

1294 .0 

396.5 

225. C 

217 

16 

6 

6.25 

1294.0 

371.5 

290.0 

409 

18 

15 

8 . 5 

1288 . 0 

0.0 

~.r 

433 

19 

6 

9 . o 

1286.0 

88.0 

r.o 

410 

18 

16 

5.0 

1313.2 

0.0 

0.0 

418 

19 

2 

8 . 0 

1313.2 

33. C 

0.0 

426 

19 

4 

5.0 

1313.2 

66.0 

o.c 

434 

19 

7 

7.0 

1313.2 

88 .r 

n .C 

411 

18 

17 

8 . n 

1345.6 

o.r 

0.0 

435 

19 

8 

9 . C 

1345.6 

88 .C 

0.0 

412 

19 

1 

4 . 0 

1373.95 

0.0 

0.0 

420 

19 

3 

1 2. C 

1373.95 

33.0 

o.c 

428 

19 

5 

4.0 

1373.95 

66.0 

0.0 

436 

19 

9 

4.0 

1373.95 

88.0 

P.0 
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Table 6-7. RIGHT WING PRESSURE INSTRUMENTATION LOCATION AND AREAS 


RIGHT WING 



ORIFICE 

LINE 

ITEM 

AREA 

X 

Y 

UPPER SURFACE 


633 

23 

2 

5. 38 

-68.5 

35.0 

3.14 

— 

632 

23 

1 

4.63 

-53.0 

35.0 

3.14 


915 

22 

17 

13.19 

-11.0 

35.0 

3.14 

« V 

667 

24 

6 

4.58 

-67.5 

55. C 

^.14 


666 

24 

5 

3.75 

-53.0 

55.0 

3.14 

\ 

919 

24 

4 

4. 16 

-11.0 

55.0 

3.14 


700 

25 

11 

8.04 

-68.5 

95. 

3.14 


ORIFICE 

LINE ITEM 

AREA 

X 

Y 

LOWER SURFACE 

650 

23 

13 

5.38 

-68.5 

35.0 

0.04 

649 

23 

12 

4.63 

-53.0 

35.0 

T.04 

917 

23 

1 1 

13. 19 

-11.0 

35.0 

H.04 

684 

24 

17 

4.58 

-69.2 

55.00 

0.04 

683 

24 

16 

3,75 

-53.0 

55.00 

0.04 

921 

24 

15 

4. 16 

-33.0 

55.00 

0.04 

716 

26 

5 

5.70 

-69.0 

95.00 

C • 0 4 

715 

26 

4 

2.35 

-53.0 

95. OC 

0.04 
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Table 6-8. RIGHT ELEVON INBOARD PRESSURE INSTRUMENTATION LOCATION AND AREAS 



ORIFICE 

LINE ITEM 

AREA 

X 

Y 

UPPER SURFACE 

639 

23 

7 

1 . 86 

*189.0 

35. C 

3.14 

638 

23 

6 

3.99 

*172.0 

35.0 

3.14 

637 

23 

5 

4 . 34 

-149.0 

35.0 

3.14 

636 

23 

4 

4 .27 

-123.0 

35.0 

3.14 

6^5 

23 

3 

6 . 46 

-103.0 

35.0 

3.14 

6 3 

24 

11 

2.71 

-165.5 

55.0 

3.14 

672 

24 

10 

4 .58 

-169.6 

55.0 

3.14 

671 

24 

9 

4 . 79 

-147.2 

55.0 

3,14 

670 

24 

8 

4 . 38 

-124.8 

55.0 

3.14 

669 

2 11 

7 

6.66 

-102.4 

55.0 

3.14 

706 

25 

16 

3.7 

-178.5 

95. 

3.14 

705 

25 

15 

6 . 0 

-162. D 

95. 

3.14 

704 

25 

14 

6.55 

-143.0 

95. 

3.14 

703 

25 

13 

5 . 42 

-122.0 

95. 

3.14 

702 

25 

12 

P . 56 

-101.0 

95. 

3.14 

738 

27 

4 

3 . 44 

-169.5 

145.0 

3.14 

737 

27 

3 

6 . 56 

-156.0 

145.0 

3.14 

736 

27 

2 

5 . 94 

-137.0 

145.0 

3.14 

735 

27 

1 

5.63 

-118.0 

145.0 

3.14 

734 

26 

17 

8 . 44 

-99 . 0 

145.0 

3.14 

770 

28 

9 

2.5 

-164.5 

185.0 

3.14 

769 

28 

6 

5.27 

-148.2 

185.0 

3.14 

768 

28 

7 

5 . 27 

-133.4 

185.0 

3.14 

767 

28 

6 

5.27 

*115.6 

185.0 

3.14 

766 

28 

5 

ea upper = 

6 . 66 
129.25 

-97.8 

185.0 

3.14 


ORIFICE 

LINE 

ITEM 

AREA 

X 

Y 

LOWER SURFACE 

655 

24 

1 

7 . 66 

-165.0 

35.0 

r.04 

653 

23 

15 

6 . 8 

-135.0 

35.0 

0.04 

652 

23 

14 

6 .46 

-103.0 

35.0 

0.04 

689 

25 

5 

7.29 

-167.6 

55.00 

0.04 

688 

25 

3 

4 . 79 

-147.2 

55.00 

0,04 

687 

25 

2 

4 . 38 

-124.8 

55.00 

n .04 

686 

25 

1 

6 . 66 

-102.4 

55.00 

0.04 

721 

2 6 

9 

9 • 7Q 

-162.0 

95.00 

n.C4 

720 

26 

8 

6.55 

-143.0 

95.00 

0.04 

719 

26 

7 

5 . 42 

-122.0 

95.00 

0.04 

718 

26 

6 

8 • 56 

-101.0 

95.00 

0.04 

753 

27 

14 

10.0 

-156.0 

145. n 

0.04 

752 

27 

13 

5 . 94 

-137.0 

145.0 

0.04 

751 

27 

12 

5 .63 

-118.0 

145.0 

0.04 

750 

27 

11 

8.44 

-99.0 

145.0 

0.04 

785 

29 

2 

7.77 

-151.2 

8 15.0 

0.04 

784 

29 

1 

5 . 27 

-133.4 

815.0 

0.04 

783 

28 

17 

5 .27 

-115.6 

815.0 

0.04 

782 

28 

16 

6 • 66 

-97.8 

815.0 

0.G4 



:a lower = 

129.25 
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Table 6-9 


RIGHT ELEVON OUTBOARD PRESSURE INSTRUMENTATION LOCATION AND AREAS 


ORIFICE 

LINE ITEM 

AREA 

X 

Y 

UPPER SURFACE 

802 

29 

13 

2.11 

-152.5 

235.0 

3.14 

801 

29 

12 

9.03 

-135.8 

235.0 

3.14 

799 

29 

10 

7.29 

-1 1C. 4 

235.0 

3.14 

796 

29 

9 

7.29 

-95.2 

235.0 

3.14 


ORIFICE 

LINE ITEM 

AREA 

X 

Y 

LOWER SURFACE 

817 

30 

5 

8.33 

-140.0 

235.0 

0.04 

816 

3C 

4 

8.33 

-118.0 

235. C 

0.04 

814 

30 

2 

9.72 

-102.0 

235. C 

r.C4 
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Table 6-10. VERTICAL TAIL PRESSURE INSTRUMENTATION LOCATION AND .''REAS 


ORIFICE 

LINE ITEM 

A 

X 

7 

505 

20 

9 

16.94 

-32.0 

27.0 

506 

20 

1C 

12.84 

25.5 

27 .0 

507 

20 

11 

9.45 

67.0 

27. C 

513 

20 

12 

12.15 

3.0 

67.0 

514 

20 

13 

10.94 

♦ 53.0 

6 7.0 

515 

20 

14 

8.5 

92.0 

67.0 

516 

20 

15 

8 . 5 

126.0 

67.0 

517 

20 

16 

5.16 

165.0 

67.0 

522 

20 

17 

12.15 

31.0 

97.0 

523 

21 

1 

13.97 

75.5 

97.0 

525 

21 

3 

12.75 

145.0 

97.0 

526 

21 

4 

4.5 

18C. 0 

97.0 

531 

21 

5 

11.1 

61. C 

137.0 

532 

21 

6 

11.1 

1 06 • 0 

137. C 

533 

21 

7 

8. 33 

139.0 

137.0 

534 

21 

8 

0 . 33 

167.0 

137.0 

535 

21 

9 

4.69 

199.0 

137.0 

540 

21 

10 

11.1 

96.0 

177.0 

541 

21 

1 1 

9.72 

136.0 

177. C 

542 

21 

12 

7.64 

165.0 

177.0 

543 

21 

13 

6.94 

196.0 

177.0 

544 

21 

14 

4 . 86 

220.5 

177.0 

549 

21 

15 

1C. 33 

130.5 

217.0 

550 

21 

16 

8.85 

166 . G 

217.0 

551 

21 

17 

7.38 

19 1.0 

217.0 

553 

22 

2 

3.99 

240.0 

217. C 

558 

22 

3 

7.29 

170. 0 

252. C 

559 

22 

4 

6.68 

201,0 

252.0 

560 

22 

5 

4.86 

225.0 

252. D 

561 

22 

6 

3.64 

240.0 

252.0 

562 

22 

7 

2.77 

260.0 

252. r 

566 

22 

3 

3.2 

173.0 

287.0 

567 

22 

9 

8.35 

191.0 

287.0 

569 

22 

11 

8 . 79 

238.0 

287.0 

570 

22 

12 

5.21 

256.0 

287.0 

571 

22 

13 

1 . 56 

275.0 

287.0 



LA = 

294.56 
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Table 6-11 


E PRESSURE INSTRUMENTATION LOCATION AND AREAS 


RIGHT SRB NOZZL 


NOZZLE 

X/D ORIFICE 0 TAP LINE ITEM AXIAL AREA- FT* 



2405 

0 

9 

47 

17 

. 767 


2406 

30 

_9_ 

L4.5. 

1 




2407 

60 

9 

4 8 

2 

. 767 


2408 

9G 

9. 

4a 

7 

. . .767 


2409 

120 

9 

48 

4 

. 767 

.256 

2410 

150 

9 

-48 

5 

.767 


2411 

180 

9 

4 S 

6 

. 767 


2412 

210 

_3_ 

.4 3. 

. -Z . 

. _76-7. 


2413 

240 

9 

48 

8 

. 767 


2414 

270 

9 

43 

9 

.767 


2415 

300 

9 

48 

1G 

. 767 


2416 

330 

9 

48 

11 

. 767 


2417 

0 

9 

48 

12 

1 . Cl 


2418 

30 

S 

.4 3 

. 13_ . 

1*5 2 . 


2420 

90 

9 

48 

15 

1 . 52 


2421 

120 

9 

43 

16 . .. 

. 1 . 0 1 


2422 

150 

9 

43 

17 

1 .01 

i t; 

2423 

180 

9 

47 

14 

1 .01 

• A.J D 

2424 

210 

9 

49 

2 

1 .01 


2425 

240 

.9- 

4.2. 

3 

1.0.1.- . 


2426 

270 

9 

49 

4 

1 .01 


2427 

300 

9 

49 

5 

1.01 


2428 

WNM 

9 

49 

6 

1 . f 1 



Q 

9 

49 

7 

.532 


2430 

30 

9 

49 

t 

. 532 


2431 

60 

.9. 

.49. 

Q 

.33? 


2432 

90 

9 

49 

10 

. 532 


2433 

120 

9 

49 

1 1 

_ . 532 

2434 

150 

9 

49 

12 

. 552 


2435 

180 

9 

49 

13 

.582 


2436 

210 

9 

49 

14 

. 582 


2437 

240 

.9 

49 

-13.. . 

...8,7 3 3 


2439 

300 

9 

49 

17 

. 37 3 3 


2440 

330 

9 

50 

1 




TOT 28.32 
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Table 6-12. LEFT SRB FOREBODY PRESSURE INSTRUMENTATION LOCATION 


ORIFICE 

LINE ITEM 

A 1 

2150 

43 

4 

1 397.6 

2151 

43 

5 

1397.6 

2152 

43 

6 

1 397.6 

2153 

43 

7 

1397.6 

2154 

43 

8 

1397.6 

2155 

43 

9 

1397.6 

2156 

43 

1C 

139 7.6 

2157 

43 

11 

1397.6 

2158 

43 

12 

1397.6 

2159 

43 

13 

1397.6 

2160 

43 

14 

1432.3 

2161 

43 

15 

1432.3 

2162 

43 

16 

1432. 3 

2163 

43 

17 

1432.3 

2164 

44 

1 

1432.3 

2165 

44 

2 

1432.3 

2166 

44 

3 

1432. 3 

2167 

44 

4 

1432.3 

2168 

44 

5 

1432.3 

2169 

44 

6 

1432.3 

2170 

44 

7 

1467.3 

2171 

44 

8 

1467.3 

2172 

44 

9 

1467.3 

2173 

44 

10 

1467.3 

2174 

44 

1 1 

1467.3 

2175 

44 

12 

1467.3 

2176 

44 

13 

1467.3 

2177 

44 

14 

1467.3 

2178 

44 

15 

1467.3 

2179 

44 

16 

1467.3 


X 2 

9 1 

9 2 

14 32.3 

5.8875 

.3925 

1432.2 

.3925 

1.1775 

1432.2 

1.1775 

1.9625 

1432.2 

1.9625 

2.74 

1432.2 

2.74 

3.532 

1432.3 

3.532 

4.1215 

1432.3 

4.1205 

4.513 

1432.3 

4.513 

4.906 

1432.3 

4.906 

5 o 30 3 

1432.3 

5.303 

5.8875 

1467.3 

5.8875 

.3925 

1467.3 

. 3925 

1.1775 

1467.3 

1 . 1 775 

1 .9625 

1467. 3 

1.9625 

2.74 

1467.3 

2.74 

3.532 

1467.3 

3.532 

4.1215 

1467.3 

4.1205 

4.513 

1467.3 

4.513 

4.906 

1467.3 

4.906 

5 . 30 3 

1467.3 

5.303 

5.8875 

1487.9 

5.8875 

.3925 

1487.9 

' . 3925 

1 .1775 

1487.9 

1.1775 

1.9625 

1487.9 

1.9625 

2.74 

1487.9 

2.74 

3*532 

1487.9 

3.532 

4.1215 

1487.9 

4.1205 

4.513 

1487.9 

4.513 

4.906 

1487.9 

4.906 

5.303 

1487.9 

5.303 

5.8875 
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Table 6-13. EXTERNAL TANK BASE PRESSURE INSTRUMENTATION 



ORIFICE LINE ITEM ORIFICE LINE ITEM 



ZA = 597.3 
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Table 6-14. 


TOTAL VEHICLE 

S REF 

*REF 

Wing 

Planform area, S^p 
MAC, c 
Span, b 

Elevons 

S REF 

*REE 

Vertical Stabilizer 
S REF 

*ref 


FULL 

SCALE 

REFERENCE 

DIMENSIONS 

2690 ft 2 
1290.3 in. 

2690 ft 2 
474.81 in. 
936.68 in. 

210 ft 2 
90.7 in. 

413.25 ft 2 
199.8 in. 



REFERENCE DIMENSIONS 

The moment reference locations 
Total vehicle: X y 976, Y-pO, Z 400 

ORB, ET, SRB: X y 976, Y-j-0, 400 


COMPONENTS 

Wing: X Q 1307, Y o 105, Z q 288 

Elevons: Hingeline at X Q 1 387 

Vertical Tail: XJ414.3, Y 0, Z 503 

0 0 0 



J. 
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Section VI I 
TEST RESULTS 


The results of the integration of the base pressure and forebody power 
delta’s are presented in table form in the Appendix. The output of the Plume 
Integration computer program contains all the results of the pressure Integra 
tion including base coefficients, forces and moments and forebody coefficient 
data from pressure integration along with the gauge data. 


An example of the printout from a data set is presented below. The 
data are arranged in 9 sections. Section 1 presents the run numbers, Mach 
number vehicle configuration and attitude. Section 2 presents the nozzle gas 
dynamic properties. Section 3 presents the nozzle gas dynamic similarity 
parameter. Section 4 presents the results of the pressure integration over 
the base elements and components. Section 5 presents the average base pressure 
coefficient for each element. Section 6 presents the nozzle average base 
pressure coefficients. Section 7 presents the nozzle hinge moment data. Section 

8 presents the forebody data from the gauges. Section 9 presents the forebody 
data from pressure integration. 
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Printouts of each run sequence set is presented in the Appendix. The 
data sets are grouped for a constant Mach number. The first data set within 
a Mach group is the power off runs. The second group contains the variable 
power runs. The third group are the various elevon deflections. The fourth 
group contains the various gimbal angle runs and the fifth group is a 90° 
roll run sets. 
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Section VIII 
BASE MATH MODEL 


A math model of the plume induced aerodynamic characteristics has been 
devel >ped .which can be used in conjunction with the forebody aerodynamic 
characteristics to evaluate the aerodynamic characteristics of the total space 
shuttle launch vehicle and each element. Three types of base aerodynamic 
characteristics have been developed. These include 1. SSLV and element base 
aerodynamic coefficients for Mach numbers of 0.6, 1.05, 1.1, 1.25 and 1.4, 

2. SSLV base forces and moments versus altitude up to 160,000 ft. and 3. SSLV 
and element base coefficient tolerances for Mach numbers from 0.6 to 1.4. The 
math model consists of a description of the base aerodynamic coefficients at a 
given Mach number and elevon deflection for various a, 6 values. Gradients 
are provided giving the change in the aerodynamic characteristics with the 
two primary variables that influence the base flow (inboard elevon deflection 
and SSME power level) . 

The base aerodynamic math model is limited to base axial force, normal 
forces and pitching moments. Lateral-directional forces and moments exist on 
some base components, but no consistent trend could be identified and thus they 
are included in the base tolerance model. Base coefficients and tolerances for 
each element are provided for Mach numbers of 0.6, 1.05, 1.1, 1.25 and 1.40. 
These Mach numbers are compatible with the forebody aerodynamic data base 
developed in reference 10 except for Mach 1.4. The forebody aerodynamic data 
is at Mach 1.55. The highest Mach number for which data is available from the 
IA119 test is 1.4, thus data at Mach 1.4 is provided. The base aerodynamic 
coefficient math model is described by the following equation, 


C = [C ] + [3C / 3 6 ] ~A6_ t + [ 3C /3% SSME POWER] x (A% SSME POWER) 
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where [ C ] is a 4x7 matrix for a = +4,0, -4,-8 

a, 8 6 = -6, -4, -2, 0,2, 4, 6 

elevon deflection corresponds to close schedule 6 (Table 9-1) 

i = SSLV , ORB ITER, ET, LEFT SRB , RIGHT SRB 


acx /a« EI 


Gradient for inboard elevon deflection 
function of Mach number only 

i = SSLV, ORBITER, ET 


8C Y ./S%SSME POWER 


Gradient for percent change in SSME 
power level - function of Mach number only 

i = SSLV, ORBITER 


- Change in inboard elevon deflection from math model value to 
inboard elevon deflection of interest. 


A%SSME POWER LEVEL - Change in percent SSME power level from math 

model value to SSME power level of interest 

Values of the coefficient [C x ,] are presented in Tables 8-1 through 8-15 

1 a, 8 

for each element and the total SSLV vehicle. Values of the coefficient gradients 
are presented in Table 8-16. 


Base forces and moments have been determined versus altitude using the 
base coefficient math model. The base force math model is for the total 
vehicle and uses the following model. 


! gp7 3F 

n + SS - x “ + sT; A6 EI + M SSME POWER * (A% SSME P0WER > 
a=0 - EI| 


where : 


SSLV base force or moment - function of altitude only 
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[3F/3a] Gradient for angle of attack - function of only altitude 

[3F/36gj] Gradient for inboard elevon deflection - function of 
altitude only 

[3F/3%SSME POWER] Gradient for percent change in SSME power level 
a angle of attack 

A6^ Change in inboard elevon deflection from math model value 

to inboard elevon deflection of interest 


A%SSME POWER level Change in percent SSME power level from math 

model value to SSME power level of interest. 

Values of the base axial force, normal force and pitching moment are 
presented in Tables 8-17 through 8-19. The base force partials are presented 
in Tables 8-20 through 8-22. 

It is noted that the base axial force coefficient peaks to values higher 
than the Space Shuttle Aerodynamic Data Book (ref. 11). An evaluation of the 

element axial force contributions has shown that the main difference was due to 
the ET axial force which is presented in Figure 8-1. 

An evaluation of the ET power-on and power-off base pressures was made and 
the results are shown in Figure 8-2. The figure shows that the power off ET 
base pressure compares very well with the ET base pressure from other tests. 

The figure also shows that during power-on conditions the ET base is slightly 
asperated for Mach numbers less than 1.0 and has base pressures showing 
recirculation conditions for Mach numbers greater than 1.0. The present DATA 
BOOK average ET base pressure coefficients show slight asperation conditions 
for Mach numbers less than .9 but a large recirculation condition between .9 
and 1.1, and then a reduction in recirculation from Mach 1.0 to Mach 1.1. This 
trend appears questionable and it is believed that the trends shown by the IA119 
data are more accurate. 
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The TA156 test noted on Figure 8-2 was conducted using a .02 scale 
model of the Space Shuttle Launch vehicle. The model was supported by a sting 
attached to the base of the orbiter. The ET base pressure should have a 
minimum of support sting interference. Details of the test program and 
model configuration can be obtained from reference 12. The IA105 test noted 
on Figure 8-2 was conducted using a .03 scale model of the Space Shuttle Launch 
vehicle. The model was supported by a forked sting which was attached to the 
SRB's. The base pressure on the ET measured during the IA105 test was very 
near the base pressure from the IA156 test. Details of the IA105 test program 
and model configuration can be obtained from reference 13. 

BASE COEFFICIENT TOLERANCES 

The base coefficient tolerances are presented in Tables 8-23 and 8-24. 

The coefficient tolerances cover all altitudes and configurations from the base 
coefficients presented in the math model to flight data and are to a +3a level. 
The moment tolerances are considered to be only due to force tolerances. The 
moment tolerance due to the aerodynamic center location uncertainty being a 
smaller order of magnitude. The base moment coefficient increment equations 
are presented in Table 8-24. 

Approximately 60 percent cf the orbiter normal force is due to the 
orbiter axial force. The orbiter normal force tolerance presented in 
Table 8-23 was therefore calculated using the orbiter axial force tolerance - 
The equation used to determine the normal force tolerance is presented at 
the bottom of Table 8-23. The side force coefficient tolerances are due to 
side forces that exist on the SSME nozzle bells. Side forces will exist on 
the nozzle bells during various gimbal patterns and under angle of sideslip 
conditions. These side forces also produce yawing moments and rolling moments. 
The majority of the lateral-directional tolerances are due to the orbiter. 

The base tolerances include contributions due to 1. test instrumentation 
uncertainty, 2. simulation parameter uncertainty, 3. Reynolds number 
characteristics, 4, Model-tunnel testing uncertainties, 5. Pressure integra- 
tion uncertainties and 6. Math model uncertainties. Each tolerance contribu- 
tion is assumed independent and therefore the contributions are combined using 
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the RSS technique. The tolerances thus cover the uncertainty from the math model 
to flight data and are to a +3a level with a Gaussian distribution. 

The model instrumentation contribution includes the accuracy of the 

t> 

Scanivalve calculations. The general accuracy is estimated to be Cp=+.013 
for values of Cp in the range of + .5. The general uncertainty of the 
measured pressure coefficients was assumed to be 3%. 

The simulation parameter uncertainty was assumed tc be due to an uncer- 
tainty in the exponent. The estimated uncertainty in the exponent is 
shown in Figure 5-2. The exponent uncertainty was converted to an error in 
simulation that generally represented a 10 percent uncertainty in base force 
coefficients. The Reynolds number-scale uncertainty was obtained using past 
flight test to wind-tunnel test results. This factor is a judgement factor 
and includes the differences between the Saturn V and Titan 3C flight and 
wind tunnel data, reduced to account for the plume technology program learning 
curve. This factor also includes a hot flow simulation uncertainty factor. 

The Reynolds number-scale uncertainty was generally 10% of the nominal base 
coefficient. 

Model configuration uncertainties includes the effect of the support 
stings that will influence the flow field at angles of sideslip along with 
uncertainties due to other model configuration inaccuracies that potentially 
influence the local flow fields. Uncertainties due to model configuration 
similitude were approximately 7% of the nominal force coefficients. 

Integration uncertainties include the potential error involved in the 
integration technique and represent approximately 3 percent of the nominal 
force coefficients. 


The math model uncertainty includes the errors of independent variables 
in the math model of the base forces and moments. Independent varinbles not 
included in the math model of the base forces and moments include nozzle 
gimbal angle and outboard elevon position. 
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An evaluation of the base coefficients was made to determine the technique 
for combining the element tolerances to obtain the SSLV tolerances. The dif- 
ferent base flow conditions can be compared by considering the variation of the 
element axial force coefficients versus the similarity parameter. Presented 
in Figures 8-3 and 8-4 are the base axial force coefficients for each element 
versus the similarity parameter. Figure 8-3 shows that the orbiter base axial 
force coefficient increases with SSME nozzle similarity parameter and decreases 
with SRB similarity parameter. Figure 8-4 shows that the ET and SRB base 
axial force coefficient decreases with both the SRB similarity parameter and 
the SSME similarity parameter. Thus an error that would cause the nominal 
value of similarity parameter to increase or decrease would result in a 
correlated increase or decrease in the base axial force of both the ET and the 
SRB's, but not the orbiter. The total vehicle base axial force increases with 
SSME similarity parameter and decreases with SRB similarity parameter as shown 
in Figure 8-5. This trend is similar for the majority of the Mach numbers. 


The technique that was used to develop the SSLV base tolerances was to 
correlate the SRB and ET base tolerances and RSS those to the orbiter base 
coefficient tolerance. This procedure was used for the base axial force and 
normal force coefficients. The SSLV base side force coefficient was obtained 
by using the RSS technique for each element. 


The forebody plume induced aerodynamic characteristics have been developed 
in conjunction with the base plume induced aerodynamic characteristics to allow 
a complete description of the plume induced characteristics of the Space 
Shuttle Launch Vehicle. The forebody plume induced aerodynamic characteristics 
are presented in Section IX. 
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0 

c 

K-S^r, 

a *-.9 

iUbu 

-a. 

-* UOUl 

• 0000 

• 0000 

• 0 0 0 0 

.00 00 

• oooo 

-.Q0 0 2 

T> 

h-b^li 

AU<J 

1U6U 

- 4 * 

. JUOO 

• 0001 

• oool 

.0001 

• ooui 

• 0001 

-• OOol 


K” bM J 

ALN 

iUbU 

0. 

• 0UU1 

• 0000 

• oooo 

• 0 0 0 u 

• oooo 

• oooo 

• 0000 


K-b‘vu 

AON 

lUbU 

4 . 

. 0003 

• 0002 

• 0002 

.000<d 

• 0002 

• 0002 

• OOoO 


L-b">o 

AlN 

lUbU 

-6* 

-.0002 

• 0000 

• 0000 

.0000 

• oooo 

• oooo 

-.OOQl 


L-b*b 

AvN 

i U bU 

- 4 . 

-.0001 

• 0001 

• 0001 

.0001 

• 0001 

• 0001 

• oooo 


L-b*b 

AvN 

XUbU 

u. 

.oooo 

• 0000 

• 0000 

.0000 

• oooo 

• oooo 

• oool 


L-b*M? 

ALN 

106U 

4 . 

.0000 

• 0002 

• nuo2 

.0002 

• 0002 

• 0002 

.0003 



Table 8-6 

BASE PITCHING MOMENT COEFFICIENT 


10/9 


ELEMENT 
Tel *L 
Tu1«L 
To 1 M L 
Tu T*L 
Oi\u 
Oku 

OhD 
UI\U 
1 1 
L 1 
Li 
LI 

K-bH|j 

K-b»vJ 
K-bUJ 
I;— bivu 
L"bi'ti 
L”bt',> 
L-b»U- 
L— 




a 

-6 

AcM 

iUbU 

-b • 

-.0114 

AAM 

lUbU 

-4. 

-. 0 126 

ACM 

lUbU 

u. 

-.0140 

ACM 

lubu 

4. 

-.0149 

ACM 

lubu 

-8 • 

-.0118 

AoM 

lubu 

-4. 

-.0127 

ACM 

lUbU 

U • 

-.0139 

ACM 

lUbU 

4 • 

-.0145 

ACM 

IUbU 

-8. 

.0 

ACM 

lubu 

-4. 

• 0 

AoM 

iUbU 

u. 

.0 

A CM 

lUbU 

4. 

.0 

ACM 

I jbu 

-b • 

.00U1 

ACM 

lubu 

-4. 

• oouo 

AU*. 

lubu 

u • 

-.ouoi 

A O ft 

luou 

4. 

-.0004 

ACM 

lubu 

— b • 

.0U03 

AoM 

itjbu 

-4. 

.00U1 

A o M 

lubu 

u • 

.0000 

Ac. i'' 

lubu 

4. 

.uuou 


0 


-4 

-2 

0 

-•OlUM 

-•0102 

-• 01U2 

-•011b 

- • 0106 

-•010b 

-• oi2b 

-•0116 

-.0116 

-•0140 

-•0130 

-• 013u 

-•oiuv 

-•0102 

-.0102 

-•011b 

-•0104 

-.0104 

-•012b 

-•0116 

-.0116 

-.0136 

— . 0 126 

-.0126 

• 0 

•0 

• 0 

• 0 

•0 

.0 

• 0 

•0 

.0 

• 0 

• 0 

• 0 

• oouu 

• 0000 

• 0 0 0 u 

-•0001 

-•0001 

-.0001 

• uuuu 

• J000 

.0000 

-.0003 

-• OU02 

-.0002 

• UUUl 

• 0000 

• OOOu 

•UUUU 

-•0001 

-.0001 

•UUUU 

•0000 

• OOOu 

UO Ijl 

-.0002 

-.0002 


M 

=1.05 5 

= 10/9 

00 

e 

10 

% 

SSME POWER = 88.4% 

2 

4 

6 

-•0102 

-•0106 

-.0114 

-•0106 

-•0116 

-•0126 

-.0116 

-•0126 

-•OlcO 

-.0130 

-.0140 

-.0149 

-•0102 

-•0109 

-.0H8 

-•0104 

-•0115 

-.0127 

-•0116 

-•012b 

-.0139 

-.012b 

— . 01 3o 

-.0145 

.0 

• 0 

• 0 

• 0 

• 0 

• 0 

• 0 

• 0 

• 0 

• 0 

• 0 

• 0 

• OOUO 

• 0001 

• 00u3 

-.OOul 

• 0000 

.OOul 

oOOOG 

• 0000 

• uouo 

-.0002 

-•0001 

. UOuQ 

• 0000 

• OOOU 

• OOul 

-•0001 

-•0001 

• oouo 

• OOUO 

• OOuO 

- • 0 0 u 1 

- • 00u2 

-.0003 

— • 0 0 0 4 


E3 

EE 

C3C 
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ELEMENT 

T ij I 
TjI^L 

f J I 

1 v i *L 

0 *-.b 

0|«'D 

Oii*j 

0 ;\U 

tr 
e r 

Li 

U 

P-b^O 

R-b*J 

P-bf'li 

R-b*b 

L-b*b 

L-bKb 

L-bKb 

L-b»<b 


BASE 




a 

-6 

iivW 

1100 

-8. 

. 1663 

ALA 

11UU 

-4. 

.16,3 7 

ACM 

1100 

0 • 

. 16/1 

alA 

1100 

4. 

. l J 20 

ALA 

1 100 

-a. 

• U47b 

ac A 

lloo 

-4, 

.0492 

Ac A 

11U0 

i) * 

.0619 

ALA 

1100 

4. 

.Ub3b 

ALA 

11U0 

-a. 

.0826 

ALA 

1100 

“4* 

.0 7Bb 

ALA 

11UU 

0 • 

.0789 

ALA 

11U0 

4* 

.0814 

ALA 

1100 

-a. 

• 018b 

AL A 

1100 

-4. 

• 0184 

Ac A 

1100 

0* 

.0186 

ALA 

1100 

4 « 

.0190 

ALA 

1100 

-a. 

.0177 

AcA 

1100 

-4. 

.0175 

ALA 

1100 

0. 

.0177 

ALA 

lloo 

4. 

.0181 


Table 8-7 

AXIAL FORCE COEFFICIENT 


3 


-4 

-2 

0 

•1625 

• 1591 

.1591 

• 1599 

• 1569 

.1569 

• 1629 

•1589 

• 1589 

• 1694 

• 1664 

.1664 

• 04,55 

• 0415 

.0415 

*0454 

• 0419 

.0419 

• 0478 

•0438 

.0438 

• 0497 

• 0467 

.0467 

• 08J6 

• 0846 

.0846 

•oaou ‘ 

' .0814 

.0814 

• 0802 

• 0813 

.0813 

• 08,30 

• 0845 

.0845 

• 01/5 

• 0165 

.016b 

• 0176 

• 0166 

.0168 

• 01/7 

• 0169 

.0169 

• 0183 

• 0176 

.0176 

• 0170 

• 0165 

• 016b 

•0171 

• 0168 

• 0168 

• 0173 

• 0169 

.0169 

• 0178 

• 0176 

• 0 17b 


M „ = MO 6 = 10/9 

e I0 

% SSME POWER = 88.4% 


2 

4 

6 

.1591 

• 1625 

• 1663 

• 1569 

•1599 

• 1637 

• 1569 

• 1629 

• 1671 

• 16b4 

• 1694 

• H 20 

.0415 

• 0435 

• 0 t *75 

• 0419 

• 0454 

.0492 

.0436 

•0476 

• U5i9 

• 0467 

• 0497 

.0635 

• 0846 

•0836 

.0026 

• 0814 

• 0800 

.0786 

.0813 

• 0802 

.0789 

.0845 

• 0830 

• 0«14 

• 0165 

• 0170 

.0177 

• 0166 

• 0171 

.0175 

• 0169 

• 0173 

.0177 

• 0176 

• 0178 

• OlBl 

• 0165 

• 0175 

• 0185 

• 0168 

• 0176 

• 0lS4 

• 0169 

• 0177 

• 0186 

• 0176 

• 0183 

• 0190 


E3 

CD 


LUO 


3 

«2 

S' 


(* 


3 

•a 


SV> 


O 

n 

o 

c 
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Table 8-8 

BASE NORMAL FORCE COEFFICIENT 


M 


1.10 6 


10 


% SSME POWER 


ELEMENT 



a 

-6 

-4 

-2 

0 

2 

4 

TOTAL 

ALN 

110U 

-6. 

• 0269 

• 025b 

• 0240 

• 0240 

• 0240 

• 0255 

TOTAL 

ALN 

11UU 

-4. 

• 0267 

• 0264 

• 0242 

• 0242 

• 0242 

• 0264 

total 

ALN 

11UU 

o. 

.0309 

•0278 

• 0253 

• 0253 

• 0253 

• 0278 

total 

AON 

11UU 

4. 

• 0320 

• 0299 

• 0274 

• 0274 

• 0274 

• 0299 

OKU 

ALN 

11UU 

-6. 

.0271 

• 0255 

• 0240 

• 024u 

.0240 

• 0255 

0Ki> 

ALN 

11UU 

“4 • 

.0266 

• 0262 

• 0240 

• 0240 

• 0240 

• 0262 

OKU 

ALN 

11UU 

o. 

.0307 

• 0278 

• 0253 

• 0253 

• 0253 

• 0278 

OKU 

ALN 

110U 

4* 

.0316 

• 0266 

• 0272 

.0272 

.027 2 

• 0296 

El 

AcN 

11UU 

—6 • 

• 0 

• 0 

• 0 

• 0 

• 0 

• 0 

ET 

ALN 

UUU 

-4. 

.0 

• 0 

• 0 

• 0 

• 0 

• 0 

El 

ALN 

1100 

u. 

• U 

• 0 

• 0 

• 0 

• 0 

• 0 

tr 

ALN 

110U 

4. 

.0 

• 0 

• 0 

• 0 

• 0 

• 0 

R— b^d 

A^N 

11UU 

■*3 • 

-.0UU1 

• 0000 

• 0000 

• 0000 

.0000 

• 0000 

R-bRd 

ALN 

nou 

-4. 

• 0000 

• 00U1 

• 0001 

.0001 

• 0001 

• 0001 

K-bMj 

AcN 

1100 

0. 

.0001 

• 0000 

• 0000 

.0000 

• 0000 

• 0000 

K— b r <L3 

ACN 

lluo 

4* 

• 0004 

• 0002 

• 0001 

• 0001 

• 0001 

• OOol 


ALN 

1100 

“b . 

-.0001 

• 0000 

• nooo 

• 0000 

• 0000 

• 0000 

L— b^d 

ALN 

11 JO 

—4 . 

.0001 

*0001 

• 0001 

.0001 

• 0001 

• 0001 

L-bRU 

ALN 

ilou 

o. 

.0001 

•0000 

• 0000 

• OOOj 

• 0000 

• 0000 

L-i>Ati 

ALN 

lluo 

4. 

.0000 

• 0001 

• 0001 

.0001 

• 0001 

• 0002 


= 10/9 


= 88 . 4 % 

6 

• 0^69 

.0267 

.0309 

• 0320 
.0271 

• 0286 

• 03o7 
.0316 

• 0 
.0 
• 0 
.0 

“.OOol 

• OOq 1 

• OOol 

.0000 

-.OOol 

.0000 

.OOol 

.0004 
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ELEMENT 



a 

-6 j 

-4 

-2 

0 

2 

4 

6 

TOTAL 

ALM 

11UU 

— b • 

-.0104 

-•0100 

-•0U9b 

-.0095 

-.0095 

-•oioo 

-•OlOH 

TOTAL 

ALM 

110U 


-.0116 

-•0106 

-.0096 

-.009b 

-.0096 

-•0106 

-.0116 

TOTAL 

ALM 

1100 

o. 

-,G130 

-•0116 

-•0101 

-.0101 

-.0101 

-•0116 

-.0130 

total 

AL M 

1IUU 

H. 

-.0136 

— • 0 12H 

-.0112 

-.0112 

-.0112 

-•0124 

-.0136 

OKd 

ACM 

1XUU 

"b • 

-.0106 

-•0100 

-•009b 

-.0095 

-.0095 

-•0100 

-.0106 

ORd 

ALM 

11UU 

-4. 

-.0116 

“*»Q10H 

-•009H 

-•009H 

-.0094 

-•0104 

-.0116 

OKU 

ALM 

11UU 

o. 

-.0128 

-•0116 

-•0101 

-.0101 

-.0101 

—•0116 

-.0128 

ORO 

ALM 

11UU 

H. 

-.0132 

-*0120 

-.0110 

-.Olio 

-.0110 

-.0120 

-.0132 

LT 

ALM 

.11 u u 

-a. 

• 0 

• 0 

• 0 

• 0 

• 0 

• 0 

• 0 

ET 

ALM 

11UO 

-H. 

• 0 

• 0 

• 0 

• 0 

• 0 

• 0 

.0 

LT 

ALM 

11UU 

u. 

• 0 

• 0 

• 0 

.0 

• 0 

• 0 

• 0 

LT 

ALM 

11UU 

Ho 

• 0 

• 0 

• 0 

• 0 

.0 ~~ 

.o 

- .0 

R-b«b 

ALM 

11UU 

-bo 

• 0001 

•0000 

• 0000 

• 0000 

• 0000 

• 0000 

• 00Q1 

R-b*<d 

ALM 

11UU 

-Ho 

.0000 

-•0001 

-•0001 

-.0001 

-.0001 

-•0001 

. OOqO 

R-bKb 

ALM 

11UU 

Uo 

-.0001 

• 0000 

• 0000 

. .0000 

.0000 

• 0000 

-.OOcl 

K-bKd 

ALM 

110U 

H. 

— • 000H 

-.0002 

-•0001 

-.0001 

-.0001 

-.0001 

• nooo 

L-SK0 

ALM 

1 luu 

-a. 

.0001 

• 0000 

• ooec 

• 0000 

• 0000 

• 0000 

• 00 01 

L-bKd 

ALM 

11UU 

-Ho 

.0000 

-•0001 

-•0001 

-.0001 

-.0001 " 

-•OOO IT 

•0000 

L-SKb 

ALM 

11UU 

0* 

-.0001 

• 0000 

• 0000 

• 0000 

• 0000 

• 0000 

-.0001 

L-b*b 

ALM 

11UU 

Ho 

• 0000 

-.0001 

-.0001 

-.0001 

-.0001 

-.0002 

-.0004 
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ELEMENT 


TOTAL 

AO A 

125U 

-8. 

TOTAL 

ALA 

125U 

-4. 

TOTAL 

ALA 

125U 

0. 

TOl al 

ALA 

125U 

4. 

OKU 

ALA 

125U 

“d • 

Orto 

ALA 

125U 

-4. 

OKb 

ALA 

125U 

o. 

OKb 

ALA 

12 bu 

4. 

ET 

ALA 

125U 

-8* 

ET 

ALA 

12bU 

-4. 

El 

ALA 

12bU 

0* 

ET 

ALA 

125U 

4. 

K”b^hj 

ALA 

12bu 

-8. 

K-bKb 

ALA 

12bu 

-4 . 

ri-bKb 

AC A 

12bU 

0. 

H-bKB 

AlA 

l2bU 

4* 

L-b*D 

ALA 

12bu 

“6 • 

L-SKa 

ALA 

!2bU 

-4* 

L-bAj 

ALA 

12bU 

0* 

L-bKb 

ALA 

I2bu 

4. 


Table 8-10 

BASE AXIAL FORCE COEFFICIENT 


“6 

-4 

-2 

e 

0 

• 1420 

.1363 

• 1300 

• 1300 

.1356 

• 1296 

• 1245 

.1245 

.1336 

• 1276 

•1214 

• 1214 

• 1350 

• 1290 

• 1233 

• 1233 

• 0390 

• 0384 

• 0375 

• 0375 

.0392 

• 0376 

• 0374 

• 0374 

• 0402 

• 0386 

• 0372 

.0372 

.0419 

• 0397 

• 0383 

• 0383 

.0761 

• 0731 

• 0703 

.0703 

.0672 

• 0662 

• 0653 

• 0653 

.0656 

• 0636 

• 0610 

• 0610 

.0652 

• 0630 

• 0604 

• 0604 

.0135 

•0124 

• -0111 

• 0111 

.0151 

• 0132 

• 0109 

• 0109 

.0146 

•0130 

• 0116 

• Olio 

.0144 

•0134 

• 0123 

• 0i23 

.0134 

• 0124 

• 0111 

• 0111 

.0141 

•0126 

• 0109 

• 0109 

.0132 

• 0124 

• 0116 

• 011b 

,0135 

• 0129 

• 0123 

• 0123 


M, * 1. 

25 6 

= 10/-2 


e io 


% SSME 

: POWER = 

88.4% 

2 

4 

6 

• 1300 

• 1363 

• 1*20 

• 1245 

• 1296 

.1356 

. •1214 . 

. *1276 .. 

-U.334 

• 1233 

• 1290 

.1350 

• 0375 

• 0384 

• 0390 

• 0374 

• 0376 

• 0392 

• 0372 

• 0386 

.0402 

• 0383 

• 0397 

• 0419 

• 0703 

• 0731 

• 07^1 

• 0653 

• 0662 

• 0672 

• 0610 

• 0636 

• O656 

• 0604 

• 0630 

• 0652 

• 0111 

• 0124 

• 0134 

• 0109 

• 0126 

• 0141 

• 0116 

• 0124 

• 0132 

• 0123 

• 0129 

•UT35 

• 0111 

-0124 

• 0135 

• 0109 

•0132 

•0151 

• 0116 

• 0130 

• 0146 

• 0123 

• 0134 

• 0144 
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BASE 


ELEMENT 

T0l*L 

ACN 

12bU 

a 

-8. 

-6 

.0215 

TOI^L 

AON 

125U 

-4* 

.0214 

TOIAL 

ALN 

ldbu 

0 • 

.0236 

T01AL 

AON 

12bU 

4 • 

.0247 

Oi<b 

AON 

125U 

-b. 

.0212 

OKd 

AON 

125u 

-4. 

.0215 

OKb 

AON 

123U 

u. 

.0234 

OKd 

AON 

125U 

4. 

.0248 

El 

AON 

12bU 

-a. 

.0 

U 

AON 

12bU 

-4. 

• 0 

tl 

AON 

125U 

U. 

.0 

FT 

AON 

125U 

4. 

• 0 

K-b*d 

AON 

12bU 

"8 • 

• 0001 

H-bKjj 

AON 

12bU 

-4. 

-.0001 

R-b*b 

AON 

125U 

u. 

.0000 

W-bKd 

AON 

1250 

4. 

-.0001 

L-i>K& 

AON 

12bU 

-8. 

• 0U02 

L-^Kt3 

AON 

12bu 

-4. 

• 0000 

L-b^d 

AON 

125U 

U. 

.0002 

L-bKd 

AON 

12bu 

4* 

• 0000 



Table 8-11 
MAL FORCE COEFFICIENT 


% SSME POWER = 88.4% 


0215 


0214 
0229 

0239 
0212 

0215 
0227 

0240 


0002 

0000 

0002 

0000 

0001 

0001 

0000 

0001 


• 0215 

• 0214 

.0214 

• 0214 

• 

•0214 

• 0215 

• 0215 

•0215 ' 

• 

• 0229 

• 0222 

• 0217 

• 0222 

• 

• 0239 

• 0231 

.0223 

• 0231 

• 

• 0212 

• 0213 

• 0214 

• 0213 

• 

• 0215 

•0215 

• 0215 

• 0215 

• 

•022 7 

• 0220 

• 0215 

• 0220 

• 

• 0240 

• 0233 

.0225 

• 0233 

• 

• 0 

• 0 

• 0 

• 0 

• 

• 0 

•0 

• 0 

• 0 

• 

• 0 

• 0 

• 0 

• 0 

• 

• 0 

• 0 

• 0 

• 0 

• 

• 0001 

• 0000 

• 0000 

• 0001 

t 

• 0001 

• 0000 

• 0000 

• 0000 

• 

• 0000 

• 0001 

• 0001 

• 0001 

• 

• 0001 

-•0001 

-.0001 

-.0001 

• c 

• 0002 

• 0001 

• 0000 

• 0000 

• c 

•0000 

• oooo 

• 0000 

• 0000 


• 0002 

• 0001 

• 0001 

’0001 

.c 

•0000 

-•0001 

-.0001 

-•0001 

-•c 
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Table 8-12 

BASE PITCHING MOMENT COEFFICIENT 

8 


M = 1.25 6 


10 


% SSME POWER 


ELEMENT 



a 

f07*L 

ACM 

12bU 

-8 . 

TOTAL 

ACM 

12bU 

- 4 . 

Tol AL 

ACM 

12bU 

U. 

TOTAL 

ACM 

12bu 

4 . 

OKb 

ACM 

12bU 

- 8 . 

Or\b 

ACM 

12bu 

- 4 . 

OKb 

ACM 

12bU 

U. 

Oku 

ACM 

12bu 

4 . 

LT 

ACM 

12bU 

- 8 . 

lt 

ACM 

12bu 

- 4 . 

ET 

ACM 

12bu 

0 . 

ET 

ACM 

12bU 

4 . 

K-bKd 

ACM 

12bU 

- 8 . 

K-bKb 

ACM 

12bU 

- 4 . 

K— bKti 

ACM 

12bU 

u. 

K— b*' J 

ACM 

l«ibu 

4 . 

L-bKij 

AcM 

12bU 

“8 . 

L-b^D 

ACM 

12bU 

- 4 . 

L-bKb 

AC M 

12b o 

0. 

L-bK 0 

ACM 

12bu 

4 . 


-6 

-4 

-2 

-.0082 

-•0082 

-•0082 

-.0082 

-•0082 

-• 008 b 

-.0097 

-.0094 

-.0090 

-.0103 

-•0098 

-•0093 

-.0078 

-•0078 

-•0080 

-.0063 

-•0083 

-• 008 b 

-.0094 

-•0091 

-.0088 

-.0104 

— • 0 U 99 

-• 009 b 

.0 

• 0 

•0 

• 0 

• 0 

• 0 

.0 

• 0 

• 0 

.0 

• 0 

• 0 

-.0001 

-•0001 

• oooo 

.0001 

•0001 

• 0000 

.0000 

• 0000 

-. 0001 

.0001 

• 0001 

• uooi 

-.0003 

-•0003 

-•0002 

.0000 

• 0000 

• 0000 

-.0003 

-.0003 

-.0001 

• 0000 

• 0000 

• 0001 


0 

2 

4 

-.0082 

-.0082 

-•0082 

-•0085 

-•0085 

-•0082 

-.0067 

-.0090 

-.0094 

-.0088 

-.0093 

-• 0 U 96 

-.0082 

-.0060 

-•0078 

-. 008 b 

-•0085 

-• 0083 

-. 008 b 

-.0068 

-.0091 

-.0090 

-• 009 b 

-•0099 

• 0 

• 0 

• 0 

.0 

.0 

• 0 

• 0 

• 0 

• 0 

.0 

• 0 

• 0 

.0000 

-.0002 

-•0003 

• 0000 

• 0000 

• 0000 

-.0001 

-.0001 

-.0003 

.0001 

• 0001 

• 0000 

.0000 

• 0000 

-•0001 

.0000 

• 0000 

• 00 of 

-.0001 

-.0001 

• 0000 

.0001 

• 0001 • 

• 0001 


= 10/-2 


88 . 

6 

-.0082 
-.0082 
-. OO97 
-.0103 
-.0078 
-.(jOQ3 
-.0094 
-• Olu 4 
• 0 
• 0 
.0 
. 0 ' 

— • QO o3 
.0000 
-.0003 
• 0000 
-.0001 
.0001 
• 0000 
• OOol 
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4 


' _ J 


* 


.* 
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Table 8-13 = 1.40 6 = 10/-2 

BASE AXIAL FORCE COEFFICIENT °° € I0 


% SSME POWER = 97% 


ELEMENT 
To 1 


muu 

a 

-n • 

-6 

• 1U82 

-4 

• 1062 

-2 

• 1042 

6 

0 

.100b 

2 

• 1042 

4 

• 1082 

6 

• 1082 

Tul*L 

ALA 

140U 

-4. 

.0999 

• 0999 

• 0978 

• 0963 

• 0978 

• 0999 

• 0999 

I 0 1 AL 

ALA 

14UU 

0. 

.0993 

• 0993 

• 0962 

.0932 

• 0962 

• 0993 

• 0993 

TjI“L 

ALA 

14UU 

4 • 

• 09t>9 

• 09fal 

• 0939 

• 0919 

• 0939 

• 0961 

• 09 b 9 


ALA 

14UU 

“6 • 

• 029b 

• 0296 

• 028 7 

• 026b 

• 0289 

• 0295 

• 1)295 

Or<LJ 

ala 

1 4 U U 

-4. 

.0*97 

• 0297 

• 0292 

.0292 

• 0292 

• 0297 

• 0297 

0 no 

ala 

14UU 

0 • 

.0309 

• 0309 

• Q303 

.0297 

• 0303 

• 0309 

• 03q9 

Ortii 

ALA 

14UU 

4. 

.0314 

• 03 jb 

• 0 3Q 3 

.0301 

• 0303 

• 0306 

.0314 

tl 

^LA 

14UU 

-a. 

.0602 

• 0602 

• 0563 

.0563 

.0583 

• 0602 

• 06 o 2 

LJ 

ala 

1400 

-4. 

.0625 

• 0526 

• 0525 

.0525 

• 0525 

• 0525 

• 0525 

ft 

ALA 

140U 

u. 

.0605 

•0506 

• 0500 

.049b 

• 0500 

• 0505 

• 05q5 

E.T 

ALA 

140U 

4 • 

.0452 

• 0462 

• 0477 

.0472 

• 0477 

• 0482 

.0482 


ALA 

1400 

“ b . 

.0095 

• 0095 

• 0086 

.0079 

• 0084 

• 0090 

• 0090 

k-b*6 

ALA 

1400 

-4* 

.0091 

• 0091 

• 0063 

.0073 

• 0078 

• 0086 

• 0086 

K-b>'Li 

ALA 

1400 

0* 

.0094 

• 0094 

• 0082 

.0070 

.0077 

• 0085 

• 0085 

H-brtLl 

ALA 

14U0 

4* 

.0090 

• 0090 

• 0061 

.0073 

• 0078 

• 0083 

• 0083 

L-bKj 

ALA 

1400 

-a. 

.0090 

•0090 

• 0084 

.0079 

• 0066 

• 0095 

• 0095 

L-bKU 

AL A 

140U 

-4. 

• 0066 

• 0066 

• 0078 

.0073 

• 0063 

• 0091 

• 0091 

L-bt'd 

ALA 

1400 

u. 

.0065 

• 0066 

• 0077 

.0070 

• 0082 

• 0094 

• 0094 

L-b»'rt 

ALA 

1400 

4, 

.0063 

• 0063 

.0078 

.0073 

• 0061 

• 0090 

.0090 
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1 < * >1 « 


BASE 


ELEMENT 



a 

-6 

Total 

ALN 

14UU 

-8. 

.01/1 

tl* i«l 

aln 

14UU 

-4. 

.0108 

Tol Al 

ALN 

l<tUO 

0* 

.0185 

1 U i Aj_ 

ALN 

14UU 

4. 

.0187 

Or\Li 

ALh 

14JU 

—6 • 

.0189 

Oi<j 

Av-fJ 

l4Ul> 

-4. 

.0172 

'Jr<u 

auj 

1 4 UU 

U. 

• 0184 

Or\u 

aln 

14 0 0 

4. 

.0192 

LT 

A^N 

1 4 0 0 

-8. 

.0 

E i 

atN 

140U 

-4* 

.0 

Ef 

ALN 

1 4 U U 

0. 

.0 

L I 

ALN 

14UU 

4. 

.0 

“b 1 '' > 

ALN 

1400 

“8 • 

.0000 

— b'td 

ALN 

1400 

-4. 

-.0 0u4 

K-bftJ 

AcN 

14oU 

U. 

-.OOol 


ALN 

1400 

4. 

-. uuo8 


ACN 

1400 

— 8 • 

• 0002 

L-SKtf 

ALN 

1400 

-4. 

.0000 


ALN 

1400 

0. 

.0002 

L-bf'n 

ALN 

14U0 

4. 

-.0002 



Table 8-14 


NORMAL 

FORCE COEFFICIENT 

6 

M = 

00 

% 

1.40 6 

e io 

SSME POWER 

= 10/-2 
= 97% 

-4 

-2 

0 

2 

4 

6 

•0171 

•0169 

• 0 16d 

• 0169 

• 0171 

• 0171 

• 0168 

•0167 

• 0167 

• 0167 

•0168 

.0168 

• 018b 

• 0179 

• 0174 

• 0179 

• 0185 

• 0185 

• 018/ 

• 0 1 80 

.0178 

.0180 

• 0187 

• 0167 

•0169 

• 0l6b 

• 0168 

• 01b8 

• 0169 

• 0169 

• 01 /2 

• 0170 

.0169 

.0170 

• 0172 

• Ol 72 

• 0184 

• 0179 

• 0 1 7o 

.0179 

• 0184 

.0184 

• 0192 

.0187 

.0181 

. 0 lo7 

• 0192 

• 0192 

• 0 

• 0 

• 0 

.0 

• 0 

• 0 

• 0 

• 0 

.0 

• 0 

• 0 

• 0 

• 0 

• 0 

.0 

.0 

.0 

• 0 

• 0 

• »J 

.0 

.0 

• 0 

• 0 

• onuo 

• ouoo 

• OOOj 

• 0001 

• 0002 

• OOy^ 

-• J0U4 

-•0002 

-.0001 

-.0001 

• 0000 

• cooo 

-•0001 

-.0001 

-.0001 

.0001 

.0002 

• 00(j2 

“• 0008 

-•0004 

-.0004 

-.0008 

-•0002 

-• 00q2 

• 0002 

• 0001 

• OOOu 

• OOUU 

• 0000 

• QOq 0 

• 0000 

-•0001 

-.0001 

-.0002 

-•0004 

— . 00 y 4 

• 0002 

.0001 

-.0001 

-.0001 

-.0001 

-.UOol 

-• 0002 

-•0008 

-.0004 

-.0004 

-•0003 

— . QOq 3 






Table 8-15 = 4Q = 10/ _ 2 

BASE PITCHING MOMENT COEFFICIENT °° 6 IO 


% SSME POWER = 97% 

3 


ELEMENT 



a 

-6 

-4 

-2 

0 

2 

4 

6 

ToT*L 

Av.M 

14JU 

— 8 • 

“. GU 63 

-•0063 

-•0064 

-.0066 

-•0064 

-•0063 

-•0063 

I C 1 

AC M 

14(JU 

-4. 

-. 0 U 60 

- • 0060 

-•0062 

-•0062 

-•0062 

-•0060 

— • 0 0 <3 o 

To 1 ^'L 

AC M 

14UU 

G • 

-.0074 

-.0074 

-•0071 

- • 0066 

-.0071 

-.0074 

-.0074 

T j 1 *L 

ACM 

14 UU 

4 • 

-.0076 

-•UO 7b 

-•0070 

-.0064 

-.0070 

-•0076 

-.0076 

0.AO 

ACM 

14 UU 

—6 • 

-.0060 

-•0060 

-•0063 

-.0065 

—•0063 

-•0060 

— . 0 n O 0 

Or< o 

ACM 

1 4 J U 

-4 . 

-.0064 

-•0064 

-•0066 

— .00 6o 

— • 0066 

-•0064 

-.0064 

OHu 

ACM 

14UU 

0 . 

-.0074 

-•0074 

-•0073 

-.0070 

-.0073 

-.0074 

-.0074 

Or\b 

ACM 

14UU 

4 . 

-.0061 

-•0061 

-•0077 

-.0074 

-.0077 

-•0081 

-.0061 

L I 

ACM 

1 4 U li 

—6 • 

.0 

•0 

• 0 

• 0 

• 0 

• 0 

• 0 

t] 

ACM 

1 4 d U 

-4. 

• 0 

• 0 

• 0 

.0 

.0 

• 0 

.0 

LT 

ACM 

14 UU 

u. 

.0 

• 0 

• 0 

• 0 

• 0 

• 0 

• 0 

cl 

ACM 

1400 

4. 

.0 

• 0 

• 0 

.0 

• 0 

• 0 

• 0 

K-bKb 

ACM 

14 UU 

- 8 . 

• 0000 

• oouo 

• 0000 

• OOOu 

-•0001 

-•0003 

-• Q 0 j 3 

K-5('d 

ACM 

14 UU 

-4. 

.0004 

• 00 04 

• 0003 

.0002 

• 0001 

• 0000 

• 00 0 0 

H — bf'L} 

ACM 

14 UU 

U . 

.0002 

• 0002 

• 0001 

.0001 

.0001 

-.0002 

-. Q 0 u 2 

K-b*ii 

ACM 

14UU 

4. 

.0003 

• 0003 

• 0004 

• 0005 

.0003 

• 0002 

.00o2 

L-5*6 

aCM 

14U0 

”8 • 

-.0003 

-•0003 

-•0001 

• 0000 

• 0000 

• 0000 

• OOqO 

L— b«u 

ACM 

14UU 

-4 • 

.0000 

• 0000 

• 0001 

.0002 

• 0003 

.0004 

• 00Q4 

L-bMj 

ACM 

14UU 

0. 

-.0002 

-.0002 

• 0001 

.0001 

.0001 

• 0002 

.0002 

L-bNb 

ACM 

14UU 

4. 

.0002 

• 0002 

• 0003 

.0005 

.0004 

• 0003 

• GO o3 


IP SERVICES, IRC. 


Table 8-16 

BASE COEFFICIENT PARTI ALS 


E3 

GD 

tzxi 


9C X 1 -/9<S E j 


[9C x ./ 3% SSME POWER] x 10 



'■ ACi 1 

SSt.V 

ORHI ilk 

LT 

SSLV 

OHfo 1 i H 

1 1 

oUU 

• 002b 

-.000*3 

• 0028 

• 0007 

• 0007 

CA 

j-Obj 

• UU4u 

.0002 

• 0038 

• 0010 

• OOlu 

Cm 

1 1 Uu 

• 0018 

.1)00*3 

• 00 lb 

• 000P 

• 000c 

C 4 

12->0 

• u o’ U U 

. O IJ U 1 

-•uuni 

• ooin 

• oniu 

-to. 

± 4 u I.J 

• jOUU 

.0000 

•UUOO 

-.0006 

— . OOOo 

C • 4 

oou 

• uuuu 

. 0 0 U U 

• oooo 

• 0002 

• 000c 

c i 

1 U ‘-MJ 

• uUUl 

.0001 

•OOQO 

• 0005 

•000b 

C 1 1 

J- 1 J J 

• UUUl 

.UUUl 

• uooo 

• 0004 

• 0004 

Ci i 

1 jibu 

.UUUl 

.0001 

• 0U0U 

.0004 

.0004 

-to. 

totto 

• utIUi 

• 00U1 

• 00 00 

“•0003 

— *0003 

C,-’ 

oUj 

• UUUU 

•ooou 

• ooou 

“•OuOl 

- *0001 

c 


-•UUUl 

-•UUUl 

• 00 00 

-•0002 

-•0002 

Cr‘ 

1 iiJu 

- *U u U 1 

- *0001 

• 0000 

-•ooo? 

- .0002 

Ci*; 

jU 

-•UUUl 

- *0 0 U 1 

• ooou 

-.0 0 0? 

-•0002 

C '* t 

1 4 ! J U 

- «UUU1 

-•0001 

• 0 0 o u 

•uorn 

•00 01 


%% 

Q 

s !? 

Sc P 
ci ^ 

P\ 
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Table 8-17 

BASE AXIAL FORCE (LBS) 


ALTITUDE 

(ft) 


TOTAL 


NOMINAL % SSME 
POWER LEVEL 


ALTITUDE 

(ft) 


TOTAL 


NOMINAL % SSME 
POWER LEVEL 


0 

0 

4000 

41295 

6000 

112146 

8000 

148363 

10000 

162595 

12000 

178724 

14000 

193983 

16000 

209734 

18000 

226100 

19000 

240776 

20000 

257649 

21000 

309484 

22000 

341482 

23000 

354185 

24000 

357716 

25000 

338036 

26000 

294479 

28000 

256747 

30000 

230650 

34000 

193188 

38000 

157365 

42000 

107143 

44000 

91278 

46000 

78961 

48000 

67757 

50000 

56630 


109 

109 

109 

109 

107 

101 

95 

88.4 


V 

88.4 

93 

105 

109 


52500 

55000 

57500 

60000 

62500 

65000 

67500 

70000 

72500 

75000 

77500 

80000 

85000 

90000 

95000 

100000 

110000 

120000 

130000 

140000 

145000 

160000 


46240 

33015 

27690 

19389 

12579 

7039 

2504 

-2022 

-5026 

-7416 

-9434 

-10837 

-12161 

-12341 

-12191 

-11700 

-10812 

-9258 

-7641 

-7074 

-6554 

-6334 


109 


i 


109 


V 

109 
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Table 8-18 

BASE NORMAL FORCE (LBS) 


ORIGINAL page is 
OP POOR QUALITY 


ALTITUDE 

(ft) 

TOTAL 

NOMINAL 

POWER 

% SSME 
LEVEL 

ALTITUDE 

(ft) 

TOTAL 

0 

0 

109 

47500 

15315 

5000 

18500 

109 

50000 

12685 

10000 

24966 

107 

52500 

10322 

12000 

26867 

101 

55000 

8303 

14000 

28381 

9 

15 

57500 

6785 

16000 

30163 

£ 

8.4 

6000C 

5476 

18000 

32278 



62500 

4500 

19000 

33678 



65000 

3900 

20000 

36009 



67500 

2700 

21000 

41054 



70000 

2090 

22000 

48096 



75000 

1175 

23000 

50853 



80000 

391 

24000 

51688 



85000 

-193 

25000 

50621 



90000 

-565 

26000 

45343 



95000 

-791 

28000 

40842 

S 

f 

100000 

-1023 

30000 

39239 

88.4 

110000 

-1221 

34000 

35678 

93 

120000 

-1380 

38000 

28850 

105 

130000 

-1384 

40000 

25704 

109 

140000 

-1451 

42500 

21982 

109 

150000 

-1500 

450000 

18546 

109 

160000 

-1400 


NOMINAL % SSME 
POWER LEVEL 

109 


V 

109 


8-29 
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Table 8-19 

BASE PITCHING MOMENT 


ALTITUDE 

PITCHING MOMENT 

NOMINAL % SSME 

ALTITUDE 

PITCHING MOMENT 

NOMINAL 

% SSME 

(ft) 

(ft-lbs) 

POWER LEVEL 

(ft) 

(ft-lbs) 

POWER 

LEVEL 

0 

0 

109 

47500 

-995473 

1( 

9 

5000 

-1220000 

109 

50000 

-828630 



10000 

-1296826 

107 

52500 

-684740 



12000 

-1374159 

101 


55000 

-563750 



14000 

-1441528 

95 

57500 

-462600 



16000 

-1484908 

88 

1.4 

60000 

-385320 



18000 

-1535100 



62500 

-320000 



19000 

-1589046 



65000 

-250000 



20000 

-1701877 



67500 

-200000 



21000 

-1937440 



70000 

-159200 



22000 

-2206003 



75000 

-38110 



23000 

-2218121 



80000 

-39080 



24000 

-2187319 



85000 

-4825 



25000 

-2101904 



90000 

14130 



26000 

-1942585 



95000 

41395 



28000 

-1785366 

\ 

f 

100000 

55800 



30000 

-1713072 

88 

.4 

110000 

72303 



34000 

-1515453 

93 


120000 

82300 



38000 

-1202968 

105 


130000 

84635 



40000 

-1750000 

109 


140000 

88920 



42500 

-1458720 

109 


150000 

95000 

\ 

f 

45000 

-1232990 

109 


160000 

95000 

109 
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Table 8-20 

BASE AXIAL FORCE PARTI ALS 


ALTITUDE 

(ft) 

9AF/9cx 
(LB/ DEG) 

9AF/ 96 ei 
(LB/DEG) 

9AF/9% SSME POWER 
(LB/%) 

10000 

-1331 .0 

2623.0 

73.0 

12000 

-1361,0 

2959.0 

71.0 

14000 

-1536.0 

3255.0 

62.0 

16000 

-1823.0 

3665.0 

43.0 

18000 

-2454.0 

5653.0 

26.0 

19000 

-2667.0 

6400.0 

23.0 

20000 

-2716.0 

7761.0 

31.0 

21000 

-2021.0 

8842.0 

107.0 

22000 

-705.0 

9138.0 

138.0 

23000 

1040.0 

9098.0 

159.0 

24000 

2461.0 

8533.0 

167.0 

25000 

3148.0 

6959.0 

169.0 

26000 

2911.0 

4350.0 

167.0 

28000 

1627.0 

1864.0 

142.0 

30000 

514.0 

171.0 

158.0 

34000 

-583.0 

87.0 

96.0 

38000 

-1014.0 

21.0 

-112.0 
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Table 8-21 

NORMAL FORCE PARTIALS 


ALTITUDE 

3NF/3a 

9NF/36 ct 

3NF/3% SSME POWER 

(ft) 

(LB/DEG) 

EI 

(LB/DEG) 

(LB/%) 

10000 

-270.0 

0.0 

20.0 

12000 

-307.0 

0.0 

18.0 

14000 

-318.0 

13.0 

13.0 

16000 

-318.0 

35.0 

9.6 

18000 

-337.0 

176.0 

15.0 

19000 

-381.0 

213.0 

18.0 

20000 

-403.0 

264.0 

39.0 

21000 

-410.0 

276.0 

83.0 

22000 

-352.0 

280.0 

90.0 

23000 

0.0 

244.0 

91.0 

24000 

328.0 

213.0 

87.0 

25000 

845.0 

• 166.0 

83.0 

26000 

886.0 

• 167.0 

80.0 

28000 

551.0 

• 169.0 

68.0 

30000 

282.0 

171.0 

73.0 

34000 

139.0 

174.0 

45.0 

38000 

131.0 

175.0 

-47.0 
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Table 8-22 

PITCHING MOMENT PARTIALS 


ALTITUDE 

3PM/ 3a 

3PM/ 36 ei 
(FT. LB/DEG) 

3PM/ 3% SSME POWER 

(ft) 

(FT. LB. /DEG.) 

(FT. LB . /%) 

10000 

14019.0 

0.0 

-1070.0 

12000 

15742.0 

0.0 

-943.0 

14000 

16238.0 

-1398.0 

-683.0 

16000 

15725.0 

-3763.0 

-496.0 

18000 

16013.0 

-18920.0 

-755.0 

19000 

18021.0 

-22898.0 

-898.0 

20000 

19062.0 

-28380.0 

-1916.0 

21000 

19349.0 

-29670.0 

-4051.0 

22000. 

16082.0 

-30100.0 

-4354.0 

23000 

0.0 

-26230.0 

-4246.0 

24000 

-13892.0 

-22898.0 

-3928.0 

25000 

-44056.0 

-17845.0 

-3587.0 

26000 

-37908.0 

-17953.0 

-4068.0 

28000 

-24108.0 

-18167.0 

-3713.0 

30000 

-12308.0 

-18382.0 

-4034.0 

34000 

-5947.0 

-18705.0 

-2322.0 

38000 

-5646.0 

-J 3813.0 

1667.0 





1 , - C A 

MArU Mfl CCI \l I HI 


MACH NO. 

SSLV 1 

n 

ORB 

ET 

SRB(l) 

I .6 

.0104 

.0031 

.0065 

.0017 

1 .8 

.0107 

.0031 

.0072 

.0015 

.9 

.0156 

.0046 

.0107 

.0021 

1 ’ 95 

.0359 

.0088 

.0270 

.0039 

h 1.05 

.0239 

.0080 

.0161 

.0032 

1 1.10 

.0169 

.0057 

.0115 

.0022 

1.15 

:0133 

.0046 

.0091 

.0017 

1.25 

.0086 

.0033 

.0060 

.0010 

1 1.40 

.0062 

.0024 

.0045 
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Table 8-24 

BASE MOMENT INCREMENTS 

The general equations for the element moment increments are 

aC M = aC N + aC A ^ 

X Y 

aC YN = aC Y + aC a ( }~) 

Z l Y i 

aC £ = AC y (^-) - aC n (±) 

The SSLV moment increment is determined by the following equations 

aC Msslv vW + (aC Met + aC Mrsrb + aC Mlsrb )2 

A ^YN " / ( aC yn ^ + ( aC YN ^ + ( AC YN ) + (^YN ) 

,[ sslv V ™ 0 ; N ET ™rsrb ™lsrb 

ORBITER ET qdr RIGHT 


= -.99 

-.87 

-1.18 

= .31 

0.0 

0.0 

= -1.08 

-0.87 

1.18 

= 0.0 

0.0 

+0.195 

m 

ro 

'vj 

0.03 

0.0 


NOTE; L = 1290 INCHES 
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Section IX 

FOREBODY PLUME INDUCED MATH MODEL 


The nominal forebody plume induced aerodynamic characteristics were small 
except on the Orbiter fuselage, inboard elevon and the vertical- tail. Math 
models have thus been developed for the SSLV, Orbiter , the inboard elevon hinge 
moment and the vertical tail. The SSLV and Orbiter normal force, pitching 
moment and inboard elevon hinge moment has the following type of math model. 


C N C N 
C M “ 


a-8 


MATRIX 


C H £ 


r i i 

1 

f C N /36 E! a _ B j*« EI + ! 

3c n /36 eo „ | 

[ 

MATRIX' 

< ! 

"■* > 



< 


x A<5 


EO 


a-8 

MATRIX 


where C is a 4x7 matrix for a = +4, 0,-4, -8 

8 = -6, -4, -2, 0,2, 4, 6 

elevon deflection corresponds to close schedule 6 (Table 9-1, 

- 6 ,- 11 ) 


9C / 36 is a 4x7 matrix for a = +4, 0,-4, -8 

N > 6 = -6, -4, -2, 0,2, 4, 6 

> gradient for inboard elevon deflections > nominal (Table 9-2, 
-7,-12) 

< gradient for inboard elevon deflections < nominal (Table 9-3, 
-8,-13) 

9C /96 is a 4x7 matrix for a = +4, 0,-4, -8 

> B = -6, -4, -2, 0,2, 4, 6 

> gradient for outboard elevon deflections > nominal (Table 9-4, 
-9,-14) 

< gradient for outboard elevon deflections < nominal (Table 9-5, 
-10,-15) 


- change in inboard elevon deflection from nominal value specified 
in Table 9-1 to inboard elevon deflection of interest. 

- change in outboard elevon deflection from nominal value 
specified in Table 9-1 to outboard elevon deflection of 
interest . 
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The orbiter normal force and pitching moment math models were derived 
from the results of the pressure integration of the power-delta pressure coef- 
ficients. The orbiter data used to derive the math model is presented in the 
tabulated data in the Appendix - Section 9 (Forcbodv Pressure Integration) of 
the printout sheet (see Section VII). The SSLV and Orbiter math models are 
identical since only the orbiter plume effects are included in the math model. 

The hinge moment math model was derived from the left wing gauge data, 
although the data is presented for the right wing. A comparison of the left 
wing gauge data and the right wing pressure integration data was made to 
evaluate the best data to use and the gauge data had the most consistent trend 
with changes in attitude and configuration. The left wing gauge data used to 
develop the hinge moment math model is presented in the tabulated data in the 
appendix in Section 8 (GAUGE DATA) of the printout sheet (see Section VII). 

The vertical tail shear force, bending moment and torsion moment coef- 
ficient have been formulated into the following math model 

C V - I c v 1 

“^Matrix 

where 


[C 


v 


a-B, 


] is a 4 x 7 matrix for a = +4, 0,-4, -8 

B = -6, -4, -2, 0,2, 4, 6 


Matrix 

for elevon deflections noted on the table. 


C TT , vertical tail power delta shear force coefficient is presented 
‘ V in Table 9-16 

C , vertical tail power delta bending moment coefficient is presented 
in Table 9-17 

C T , vertical tail power delta torsion moment coefficient is presented 
in Table 9-18 

The vertical tail shear force math model includes only the a-B matrix at the 
nominal elevon deflection. No influence of elevon deflections are included. 
The vertical tail power induced shear force, bending moment, and torsion 
moment coefficients are presented in Tables 9-16 through 9-18. 
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The vertical tail math model was derived from the integration of the 
vertical tail pressure data presented in the tabulated data in the appendix in 
Section 9 (Forebody Pressure Integration) of the printout sheet (see Lection 
VII). 

FOREBODY COEFFICIENT TOLERANCES 

Forebody tolerances have been developed for all forebody elements and 
components. As mentioned above, only the Orbiter, inboard elevon hinge 
moment and the vertical tail had measurable plume induced aerodynamic changes 
that could be effectively modeled. The other elements and components have zero 
nominal math model plume induced aerodynamic characteristics. Tolerances have 
been developed for all element and components, however, to account for all pos- 
sible variations in plume induced aerodynamic characteristics. The forebody 
element and component force coefficient tolerances are presented as tabled 
values that are the +3o variation of the nominal coefficient. The +3o variation 
covers the potential variation of the coefficient from the math model results 
to expected flight data values. 

The SSLV and element force coefficient tolerances are presented in Table 
9-19. The moment increment equations are presented in Table 9-20. The 
component force coefficient tolerances and moment equations are presented in 
Tables 9-21 and 9-22. The moment tolerances require using equations that 
include the force coefficient tolerances along with the nominal aerodynamic 
center in conjunction with the nominal forebody power delta (when ^0) times 
the aerodynamic center tolerance. 

The forebody tolerances include contributions due to 1. test instrumenta- 
tion uncertainty, 2. simulation parameter uncertainty, 3. Reynolds number 
characteristics, 4. Model-tunnel testing uncertainties, 5. Pressure integration 
uncertainties and 6. Math model uncertainties. Each tolerance contribution is 
assumed independent and therefore the contributions are combined using the RSS 
technique. The tolerances thus cover the uncertainty from the math model to 
flight data and are to a +3o level with a Gussian distribution. 

The forebody coefficients are determined using power delta's. Thus the 

instrumentation accuracy includes two independent measurements that are combined 
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by the RSS techniques. The instrumentation accuracy for a single measurement is 
estimated to be 3 percent. Thus two measurements would be 4.3 percent. The 
general uncertainty in the nominal forebody force coefficient due to instrumenta- 
tion uncertainty was estimated at 50 percent of the calculated nominal forebody 
coefficient. The similarity parameter uncertainty was estimated to be 30 percent 
of the nominal, Reynolds number and scale effect was estimated to be 100 percent 
of the nominal, model uncertainties were estimated to be 30 percent of the 
nominal, integration uncertainties at 30 percent of the nominal and math model 
uncertainties were estimated at 20 percent of the nominal value. The net RSS 
tolerance value for the forebody coefficients are large compared to the nominal 
math model values. This is because the nominal math model force coefficients 
are small. If the math model is not used the tolerance would be approximately 
double the values presented and it was determined that forebody tolerances 
approaching double the values presented in fable 9-19 would be excessive. 

Portions of the forebody have zero nominal plume induced aerodynamic force 
coefficients in the math model although specific computed values have been 
determined and are listed in the tabulated data in the appendix (see Section VII) . 
The tolerance analysis discussed above considered the nominal values calculated 
although the math model nominal force coefficients are zero. 

The analysis of the forebody plume induced aerodynamic characteristics 
and tolerances was a difficult task. The majority of the plume induced loads 
occurred on the aft portion of the orbiter, where there is little pressure 
instrumentation, and on the inboard elevon. The pressure data on the inboard 
elevon was generally sufficient to determine loads, but was not sufficiently 
accurate to determine hinge moments. The gauge data was more consistent, 
although the gauge hinge moment data does not agree with the hinge moment from 
more recent power off tests (refs. 12 and 13). One possible reason for this 
disagreement is due to the IA119 model having an old wing configuration. Attempts 
have been made to account for those problems in the tolerance values presented. 
Difficulties were also experienced with the vertical tail pressure data in that 
certain pressure data had to be discarded. 
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Table 9-la. 

SSLV AND ORBITER POWER 
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Table 9-2b. SSLV AND ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBODY 
INBOARD ELEVON GRADIENT - 6 fI GREATER THAN NOMINAL 
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-8 — • uU u ( -.0005 -.0002 


1.40 4 +.uuuu +*UGo0 +.UU00 

0 +«OUuO +*0000 +.UO0U 

-4+.UUUU +.0U0U +.0000 

-8 +.0UUU +.0UUU +.00U0 


It 


-.0002 

+. 00ul 

+.0005 

+ .0008 

+.0000 

+.0000 

+ .0001 

+ .0001 

-.0003 

-.0002 

+.0000 

+.0001 

+.0000 

-.0002 

-.0005 

-.0007 


+ .UGOP 

+.0000 

+.0000 

+.0000 

+.0000 

+.0000 

+.0000 

+.0000 

+.0000 

+.0000 

+.0000 

+.0000 

+.0000 

+.0000 

+.0000 

+.0000 


4 


I 




Table 9-4a. SSL V AND ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBODY 
OUTBOARD ELEVON GRADIENT - 6 C GREATER THAN NOMINAL 

E 0 


B 


MACH 

a -6 

-4 

-2 

0 

+2 

+4 

+6 

.6 

4 + • jjuul 

♦ • 0002 

+.OU03 

+•0004 

+ .00u3 

+ .0002 

+.0001 


0 ♦ • uu U6 

+.nuu6 

+ . UOOb 

+.0006 

+ .0006 

+.0006 

+ .0005 


“4 +.OUOH 

♦ • U u 0 4 

-«- • u u u 5 

+ .0UU7 

+.0005 

+ .0004 

+ .000<* 


-8 4 • U 0 0 O 

+ •000 l 

+.CU05 

+.0U04 

+.OGub 

+ .0007 

+ .0008 

.8 

4 4«u Ou/ 

+ .noob 

+.uoo3 

+ •0001 

+ .0003 

+.0005 

+ .0007 


0 • u jiu 

+ .UU08 

+ • t’ 0 0 6 

+.0005 

+.0006 

+ .0008 

+.0010 


-4 i.UUii 

+ • 0 U U b 

+ • U U Q b 

+.0001 

+.0006 

+.0008 

+ .0011 


-8 ♦•uull 

+.U006 

+ .U001 

-.0004 

+ .0001 

+ .0006 

+ .0011 


90 4 

-•0UU4 

— . 000+ 

— • U 004 

-.0004 

-.OOo4 

-.0004 

-.0004 

0 

♦ *0014 

+ •0013 

+ . ( JU 12 

+.0010 

+ .0012 

+.0013 

.0014 

-4 

+ • 0010 

♦ *ooo9 

4.ruob 

+.0007 

+ .0008 

+.0009 

+.0010 

-8 

— * U 0 0 3 

+. U 0 U 1 

+. U 005 

+.00 U 9 

+ . 0005 

+.0001 

-.0003 


95 4 -.(juio 

-• oolu 

-.0002 

+.U006 

-.0002 

-.0010 

-.0018 

0 -*0024 

-•0019 

-.0013 

-vOOOb 

-.0013 

-.0019 

-.0024 

-4 -• ouub 

-•0006 

-.0008 

-• 00U9 

-•0006 

-•0006 

-.0005 

-8 — * uo U 4 

- . 0004 

-.0004 

-.0004 

-.0004 

-.0004 

-.0004 


05 4 - • uuiJ 

-•uuub 

+.0008 

+•0020 

+•0008 

-.0005 

— . 0 0 1 3 

0 +.JU04 

- ■» (J u u 1 

- • U U 0 b 

-•ooin 

-•OOob 

-.0001 

+.0004 

-4 — • i j u o 1 

- • OOub 

-.0008 

-.0012 

-.0008 

-.0005 

-.0001 

-8 + * u0u4 

+.UOOU 

-.0004 

-.0007 

-.nou4 

+.0000 

+.0004 


! 


k 
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Table 9-4b. SSLV ANO ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBODY 

OUTBOARD ELEVON GRADIENT - 6 C GREATER THAN NOMINAL 

E 0 


3 


nAUH a 

-4 

-2 

0 

+2 

+4 

+6 

1.10 4 +.uuiu 

+ •00115 

+ •0000 

-.0004 

+ .0000 

+•0005 

+.0010 

0 -*uuu2 

-•0002 

-.0002 

-.0002 

-.0002 

-.0002 

-.0002 

-4 -*0000 

-•uuu6 

-.0004 

-.0003 

-.0004 

-.0006 

-.0008 

-8 -*uuom 

-•UUU 2 

-.0001 

+.U001 

-•0001 

-.0002 

-.0004 


1.15 4 — • uu u 1 

— • t)OU 1 

+.0000 

+.0000 

+.0000 

-•OOul 

-.0001 

0 -.ooul 

— • J 0 0 1 

-.ouol 

-.0001 

-.pool 

-.0001 

-.0001 

-4 + . uuu i 

+.UUU1 

+.0000 

-•OOUl 

+.0000 

+.0001 

+.0001 

-8 + • uuuu 

+ .U000 

+.0001 

+ .0002- 

+.0001 

+.0000 

+.0000 


1.25 4 

+*uUu3 

+ • UUU2 

+.0001 

+.0000 

+ . OOul 

+.0002 

+.0003 

0 

+ • UUU A 

+ •0001 

+ .0000 

+.0000 

+ • 0 0 0 0 

+.0001 

+.0001 

-4 

+ . uuol 

+• UOUl 

+ .0000 

+ .OUOO 

+.0000 

+.0001 

+.nool 

-8 

+ • UUUU 

+ . ouoo 

+ .0000 

+ .000U 

+.0000 

+.0000 

+.0000 


1.40 4 

- • U u o 1 

— • U U U 1 

+.UUOU 

+.0001 

+.0000 

-.0001 

-.0001 

0 

- • UOu i 

-•0001 

+.OUOU 

+.0000 

+ .0000 

-.0001 

-.0001 

-4 

— • 0 U U A 

-•0001 

+.U000 

+.0000 

+ .0000 

-.0001 

-.0001 

-8 

+ • u u u u 

+ . 0 U 0 0 

+.0000 

+.0000 

+.0000 

+.0000 

+.0000 


Table 9-5a. SSL V AND ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBODY 
OUTBOARD ELEVON GRADIENT - 6 C LESS THAN NOMINAL 

E 0 


e 


MACH a 

-6 

-4 

-2 

0 

+2 

+4 

+6 

• 6 4 

+ • 0 U U U 

♦ • u u u u 

+.UOUU 

+.U001 

+.nooO 

+.0000 

+ .0000 

0 

+ • UUUO 

+ •0000 

+.0000 

-.UOU1 

+•0000 

+.0000 

+.0000 

-4 

♦ •UUUJL 

+ • 0 U b 1 

+.uuoo 

—•UGOl 

+.0000 

+.0001 

+ .0001 

-8 

+ • UUUJ 

+•0001 

+.OUQO 

-•OOU1 

+.0000 

+.0001 

+ .0003 


8 4 

-• JbU j. 

+.OUUU 

+.UU01 

+.0001 

+.0001 

+ .0000 

-.0001 

o 

+ • UbU i 

+ .UOUU 

“.UOOl 

-.0001 

-.0001 

+.0000 

+ .0001 

-4 

+ • UUUU 

+ . b 0 b U 

+ .L100U 

+.0000 

+.00U0 

+ .0000 

+.0000 

-8 

+ • uuuu 

+.UOOU 

+.0001 

+.0001 

+.0001 

+ .0000 

+.0000 


.90 4 

+ • uUUO 

+ • U 0 U b 

+.OUUS 

+.0010 

+.00o9 

+.0008 

.0006 

0 

■* . (J U 0 5 

+ *UULb 

+.0004 

+.0003 

+.noo4 

+.0005 

+.0005 

-4 

■»- • UUU4 

+•0010 

+.0020 

+.0033 

+.0020 

+.0010 

+ .0004 

-8 

+ • 0 u 1 0 

+.UU2U 

+.UU30 

+.0040 

+.0030 

+.0020 

+.0010 


.95 4 

+ • UUuU 

— • (ibU2 

-.0004 

-.0005 

— • 00u4 

-.0002 

+.0000 

0 

- • UUu4 

“ • b U 0 4 

-•UU04 

-•0005 

- • 0 0 U 4 

-.0004 

-.0004 

-4 

+ .uouu 

-• UUU2 

-.0004 

-.0005 

-.0004 

-.0002 

+.0000 

-8 

+.UOUH 

+ .U002 

+ .UU01 

+.OUOQ 

+ . 0 0 0 1 

+.0002 

+.0004 


1.05 4 

+ • u U 0 u 

♦ •uuuu 

+.UUOO 

+.0000 

+ .0000 

+.0000 

+.0000 

0 

— • U u 0 1 

-•UOOl 

-•ouoi 

-.0001 

-•COol 

-.0001 

-.0001 

-4 

+ • uuuu 

— • UULl 

-.0002 

-.0002 

-.0002 

-.0001 

+.0000 

-8 

+ *UUuU 

+.000U 

+.0000 

+ .0000 

+.0000 

+.0000 

+.0000 


* 


< 7 X-i 




"0<*J 

f 





Table 9-5b. SSLV AND ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBODY 
OUTBOARD ELEVON GRADIENT - 6 C LESS THAN NOMINAL 

E 0 


B 


MACH 

a 

-6 

-4 

-2 

0 

+2 

+4 

+6 

1.10 

4 

+ • UOu x 

+•0001 

+.0001 

+•0001 

+.0001 

+.0001 

+.0001 


0 

+.UOUU 

+.0U01 

+.0001 

+.0002 

+.0001 

+.0001 

+.0000 


-4 

+ • 0000 

+.0001 

+.0001 

+.0UU2 

+.00ul 

+.0001 

+.0000 


-8 

+.UJUU 

+.00U1 

+ • IJ 0 0 1 

+.0002 

+.0001 

+.0001 

'♦•0000 

1.15 

4 

+ • u 0 »J 1 

+ . 0 0 0 1 

+ .uooo 

+.0000 

+.0000 

+.0001 

+ .0001 


0 

“•0001 

-•OUOl 

+.0000 

+.0000 

+.0000 

“.0001 

“•OOOl 


-4 

+ • JUui 

+.0001 

+ .UU00 

+ .0000 

+.0000 

+.0001 

+.0001 


-8 

+.UOUU 

+ .0000 

+.U000 

+.0000 

+.0000 

+.0000 

+.0000 


1.25 4 +*uuul '*■• 001:1 +.0000 -.0001 +.0000 +.0001 +.0001 

0 + • OUOO +.UOOO +.0001 +.0002 +.0001 +.0000 +.0000 

-4 4 . UU 0 O +.UOOU +.0000 +.0000 +.0000 +.0000 +.0000 

-8 +- 00 U 4 +. UUU 3 +.0002 +.0001 +.0002 +.0003 +.0004 


1.40 4 +• 0Uu3 +.0005 +.0005 +.U0U5 +.0005 +.0005 +.0005 

0 +*00o3 +.U003 +.0003 +.0003 +.00o3 +.0003 +.0003 

-4 +.OUOI +.0001 +.0001 +.0001 +.0001 +.0001 +.0001 

-8 + • U UU 1 +.0001 +.0002 +.0002 +.0002 +.0061 +. 0 Q 01 
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Table 9-6a. SSLV AND ORBITER POWER 




MACH C I0 a. _ 6 

-4 

-2 

.6 10/9 4 — .»j0b4 

-•(•054 

-.00b3 

0 — .UJoo 

-•005/ 

“• 0050 

-4 -*01)0^ 

“•UU63 

-.0064 

-8 — *uooj 

“ • UOcb 

-• 0065 


.8 

10/9 

4 -*UU42 

-•0041 

“•0040 



0 “'uo^i 

-. UU40 

-•0039 



-4 “*0030 

-•004(1 

“•0043 



-8 “.UU34 

-•0041 

-•0046 

.90 

10/9 

4 -.UUOO 

-•0036 

“•0036 



0 -• uuio 

-•0014 

-.0012 



-4 — • 0003 

-• ooov 

-.0016 



-8 -»ooio 

“ • U 0 1 9 

-.0021 

.95 

10/9 

4 +*0011 

+ • UUcO 

+ • U04b 



0 U U<Jo 

+•0042 

+.0048 



-4 +*0062 

+ • 0U48 

+ .0044 



-8 + • oo^ / 

+ • 0033 

+.0039 

1.05 

10/9 

4 “«003D 

-•uu24 

-.0013 



0 - • u Oo / 

-•002 1 

-.0018 



-4 -.0049 

-•0041 

-.0032 



-8 -.uuby 

-•oubo 

-.0042 



DELTA - PITCHING MOMENT COEFFICIENT - 

8 

FOREBODY 

0 

+2 

+4 

+6 

-.0052 

“•0053 

“• 0054 

-.0054 

-.0059 

-• P058 

-.0057 

-.0056 

-.0064 

-.0064 

-.0063 

-.0063 

-.0063 

—• 00o5 

-.0063 

-.0060 


“•0039 “•0040 “• 0041 “• Ou 42 

-•uo 38 -• 0039 “-0040 -.0041 

“•0046 -*0043 -.0040 -.0038 

“•OUbl -.0046 “*0041 -.0034 


-.0036 

“ • 0036 

-•0036 

-.0036 

-.0009 

“•0012 

-•0014 

-.0016 

“•0022 

-.0016 

-.0009 

-.0003 

-•0025 

-•0021 

-•0019 

-.0016 


+•0063 

+ •0045 

+•0028 

+.0011 

+ • 00 b 5 

+•0046 

+•0042 

+.0036 

+.0039 

+ .0044 

+.0048 

+.0052 

+. UQ 44 

+.0039 

+.0033 

+ . 0 o 27 


-.0002 

-•0013 

-•0024 

-.0035 

-.0009 

-•nois 

-.0027 

-.0037 

-.0023 

-.0032 

-•0041 

-.0049 

-.0034 

-•0042 

-.0050 

-.0059 




Table 9-6b. SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY 



6 





MACH 

e io 

a 

-6 

-4 

-2 

1.10 

10/9 

4 

-• ouoo 

- • uubb 

-.0056 



0 

-•UUb<; 

-•uu r<L 

- • U062 



-4 

— • UUbo 

-• UU62 

-.0078 



-8 

-• UU‘*1 

-•uu^y 

-.0087 


1.15 

10/5 

4 

-•ou ft 

-•0069 

-.0060 



0 

-• 0 U to 

-•uob ( 

-.0059 



-4 

-• UU f t 

-•0074 

-.0071 



-8 

-•00*1 

-•UU65 

-.0079 

1.25 

10/-2 

4 

-•UU42 

-.004 / 

-.0052 



0 

-•uubb 

- * UObb 

— • U062 



-4 

-• UUoo 

-• UObS 

-.0070 



-8 

-•UU91 

-• 0U94 

-•0097 

1.40 

10/-2 

4 

A 

“• UObJ 

- • 0 ubb 

-• 0U52 



0 

— • 0060 

-• OObfa 

-.0052 



-4 

— • UUbti 

“•0070 

-.0073 



-8 

-•uuyd 

-• UlOU 

— • 01U4 


6 


0 

+2 

+4 

+6 

-.0055 

-.0056 

-.0058 

-.0060 

-.0052 

-.0062 

-.0072 

-.0082 

-.0073 

-.0078 

-.0082 

-.0086 

-•0085 

-.0087 

-.0069 

-.0091 


-.0051 
-• UUbl 
-•0068 
-.0073 

-.r 060 
-.0059 
-.0071 
-.0079 

-.0069 

-.0067 

-.0074 

-.0085 

-.0077 

-.0076 

-.0077 

-.0091 

-.0057 

-.0067 

-.0070 

-•oiuo 

-.0052 

-.0062 

-.0070 

-•0097 

-.0047 

-.0058 

-.0069 

-.0094 

-.0042 
-.0053 
— • 0 068 
-.0091 


-•0048 

-•0052 

-• 0056 

— .0060 

-• 004 Q 

-•0052 

-•0056 

-.0060 

-•0075 

-.0073 

-.0070 

-.0068 

-•0107 

-.0104 

-•0100 

-.0098 


Table 9-7a. SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY - 


MACH a 

-6 

INBOARD 

-4 

ELEVON GRADIENT 
-2 

.6 4 

+ • uouu 

-•uoui 

-.0002 

0 

-•UOub 

- • UOUb 

-.0005 

-4 

“ • u u u *3 

-•UUU5 

-.0005 

-8 

- • u u u / 

-• UUlib 

-.0004 


.8 

4 

-•ouu / 

—•OOOb 

-• U003 


0 

-• juuy 

- • U 0 U 7 

-.0006 


-4 

-• uoiu 

-•UUU8 

- • OOOb 


-8 

-•uuio 

-•UOUb 

-.uoui 


.90 4 

— • UU02 

-•UUU2 

+•0004 

0 

“ • OUUb 

-• 0006 

-.(Oil 

-4 

— • UUUo 

-•000/ 

-.0007 

-8 

+ *0UU2 

-•0001 

-.noob 


.95 4 

0 

-4 

-8 

+ • 00 iu 
+ .OU^t 
+ • 0004 
+ • 0004 

+•0008 
+• 001 / 
+ • 0 0 U 4 
+ .U004 

+.0001 

+.0012 

+.0007 

+.0004 

1.05 4 

0 

-4 

-8 

+ •0011 
-•0004 
+ • U Oo 1 
-•0004 

+ • 000 b 
+ •0001 
+ *0004 
+ .0000 

-.0007 
+.0004 
+.0007 
+ .0005 


6 ei GREATER THAN NOMINAL 


3 


0 

+2 

+4 

+6 

-.0003 

-.0002 

-.0001 

+.0000 

-.0005 

-.0005 

-.0005 

-.0005 

-.0007 

—.0005 

-.0003 

-.0003 

-.0003 

-.0004 

-.0006 

-.0007 


-.0001 

-•0003 

-.0005 

-.0007 

— • 00U5 

“• 00 u 6 

-.0007 

-.0009 

-•ooui 

-•0005 

-.0006 

-.0010 

+.0004 

-.0001 

-.0005 

-.0010 


+.0004 

+.0004 

-.0002 

— .U 002 

-.0009 

-.0011 

-.0006 

-. 001)6 

-.0006 

-.0007 

-.0007 

-.0008 

-.0008 

— . 0005 

-.0001 

+.0002 


-.0005 

+.0001 

+.0008 

+ .0016 

+.0007 

+ .0012 

+.0017 

+.0 022 

+.0008 

+.0007 

+ .0004 

+.0004 

+.0004 

+.0004 

+ .0004 

+.0004 


-.0017 

-.0007 

+.0005 

+.0011 

+.0008 

+.0004 

+.0001 

-.0004 

+ .0010 

+.0007 

+ .0004 

+.0001 

+ .0006 

+.0003 

+ .0000 

-.0004 
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Table 9-7b. SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY - 
INBOARD ELEVON GRADIENT - 6 £I GREATER THAN NOMINAL 


6 


MACH 

a 

-6 

-4 

-2 

0 

+2 

+4 

+6 

1.10 

4 

-•uuo* 

-•UUU4 

+.U0U0 

+.0004 

+.0000 

-.0004 

- • 0 o 0 ^ 


0 

+ • U0U2 

♦ • U0U2 

+.UU02 

+.U0U2 

+ .0002 

+.0002 

+.0002 


-4 

+ *ouu / 

+ »UUUb 

+.UUU4 

+.0003 

+ .0004 

+.0006 

+.0007 


-8 

+ • J iJ u 4 

+.LUU2 

+.UU01 

-.0001 

+.0001 

+.0002 

+.0004 


1.15 4 

♦ • 0 U u i 

+.0UU1 

+ .0 0 00 

+ .0000 

+.0000 

+.0001 

+.0001 

0 

+ • UUU i 

+ . 0 0 U 1 

+ .0001 

+.0001 

+.00 ol 

+ .0001 

+.0001 

-4 

— • UUU 1 

-•uuoi 

+.0000 

+ •0001 

+.0000 

-.0001 

-•oooi 

-8 

+ *uouo 

+ • 0 0 0 0 

-.0001 

-.0002 

-• OOo 1 

+.0000 

+.0000 


1.25 4 

— • uUu«i 

- • 0 0 U <£ 

-.ouol 

+.OOUO 

-• oooi 

-.0002 

-.0003 

0 

— • uu U i 

-•uuol 

+.UUOU 

+.0000 

+.00u0 

-.0001 

-.0001 

-4 

- • UOui 

-•uoui 

+.0000 

+•0000 

+.0000 

-.0001 

-.oooi 

-8 

+ .uuuu 

+ • U U 0 0 

+ .UUOU 

+ .OUUO 

+.0000 

+.0000 

+.0000 


1.40 4 +.uuui 

+ . uoui 

+.0000 

- • U 0 IJ 1 

+.00U0 

+.0001 

+.0001 

0 +.ouui 

+.UUU1 

+.UU0U 

+.0000 

+.0000 

+.0001 

+.0001 

-4 +.UUU1 

+ • UUU 1 

+.000U 

+.UOOO 

+ .0000 

+.0001 

+.0001 

“8 +.OOUU 

+.uouu 

+.0000 

+ .0000 

+ • OOoO 

+.0000 

+ .0000 





Table 9-8a. SSLV AND ORBITER POWER 

DELTA - PITCHING 

MOMENT COEFFICIENT - FOREBODY 



INBOARD 

ELEVON GRADIENT 

- 6 C LESS THAN 
E I 

NOMINAL 



MACH a 

-6 -4 

-2 

CQ O 

+2 

+4 

+6 

.6 4 

+.OOUU +.oouo 

+.uuuo 

+•.0000 

+.0000 

+.0000 

+.0000 

0 

+ • U U U 0 + • UU UU 

+ .0000 

+ .0001 

+•0000 

+ .0000 

+.0000 

-4 

+.uuui +.uoui 

+ .UUOO 

+ .0001 

+.00u0 

+.0001 

+.0001 

-8 

+.UUU3 + • uuul 

+.0000 

■*■•0001 

+•0000 

+.0001 

+.0003 


8 4 

+ • U 0 0 1 

+•0000 

-.0001 

-.0001 

-.0001 

+.0000 

+.U001 

0 

-• uuol 

+ .ouou 

+ .0001 

+.0001 

+.0001 

+.0000 

-.oooi 

-4 

+• UUuU 

+.UUUU 

+ .0000 

+.0000 

+.0000 

+.0000 

+.0000 

-8 

+ . oouo 

+.UU00 

-.0001 

-.0001 

-.OOol 

+.0000 

+.0000 


90 4 

— * UUuo 

-•uuob 

-•ouoe 

— * U009 

—•0006 

-.0008 

-.0006 

0 

-• UUdb 

-• uubb 

-.0003 

-.0003 

— • 0003 

-.0005 

-.0005 

-4 

— • uuu*+ 

- • 0 0 1 0 

-.uoib 

-.0030 

-.0016 

-.0010 

-.0004 

-8 

-• UUiU 

-• U020 

-.0020 

-.0038 

-.0028 

-.0020 

-.0010 


.95 4 

+ • uUU J 

+ • U002 

+ .0003 

+ .0004 

+.0003 

+.0002 

+.0000 

0 

+ • U0U4 

+•0004 

+.0003 

+.0004 

+.0003 

+.0004 

+.0004 

-4 

+• UUuU 

+ .0U02 

+ .0003 

+.0004 

+.0003 

+.0002 

+.0000 

-8 

+• UOUH 

— • U0U2 

-. U 001 

+ .0000 

-.0001 

-.0002 

+.0004 


1.05 4 

+ • uuuo 

+ •1)000 

+ .0000 

+.0000 

+ .0000 

+.0000 

+.0000 

0 

+*ouui 

+ . UOO i 

+.0001 

+.0001 

+.0001 

+.0001 

+.oooi 

-4 

+ • ouo u 

+.00U1 

+ .0002 

+.0002 

+ .0002 

+.0001 

+.0000 

-8 

+•0000 

+.OU00 

+ .0000 

+.0000 

+.0000 

+.0000 

+.0000 


Table 9-8b. 


SSLV AMO ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY - 
INBOARD ELEVON GRADIENT - S E j LESS THAN 


NOMINAL 


MACH 

a 

-6 

-4 

-2 

1.10 

4 

- • u u o 1 

-•uuui 

-.UUOl 


0 

♦ • UUuU 

-•UUul 

-.uuoi 


-4 

+«UUuU 

- • U 0 U 1 

-.UUOl 


-8 

+ • UUUU 

-•UOOl 

- • fj U 0 1 


8 


0 

+2 

+4 

+6 

UUUI 

-• OOjl 

-.0001 

-.Oool 

UUU2 

-.0001 

-.0001 

+.0000 

0UU2 

-.0001 

-.0001 

♦„nooO 

0UU2 

-«OQOl 

-.0001 

+ .0000 


i£> 

I 

rsj 

O 


1.15 4 

—•UUul 

-•uuui 

+ .uuoo 

+.0000 

+.0000 

-.0001 

-.0001 

0 

+ • uuui 

+ .UUul 

+.UUOU 

+.UOUO 

+.0000 

+.0001 

+.0001 

-4 

- • u Uu 1 

-•uuui 

+.UUUU 

+.UUU0 

+.0000 

-.0001 

-.0001 

-8 

+ . UUU J 

+ • UUUU 

+.0000 

+ .UOUO 

+.0000 

+.0000 

+.0000 


1.25 4 

-• UUul 

-.uuui 

+ .UUUU 

+ .OOUO 

+ .nouO 

-.0001 

-.0001 

0 

+ • OUU J 

+ *uuuu 

-.0001 

— . U (J U 2 

-. OOu 1 

+ .0000 

+.0000 

-4 

+ • UUUU 

*• • U U u u 

+.U00U 

+.OOUO 

+.0000 

+ .0000 

+.0000 

-8 

— • UUU.J 

- * U U u J 

- • L U 0 2 

-.0001 

-.0002 

-.0003 

-.0003 


1.40 4 

0 

A 

- • UUu J 
“ • U UU J 

- • u 0 u b 

-•UUU3 

- . (J U 0 b 
-. UUU3 

-.U0U5 
- • U0U3 

-.0005 
— . 0003 

-.0005 

-.0003 

-.0005 
-• O0q3 

-8 

- . uuui 
—•uuui 

-•uuui 

-•uuui 

-.UUOl 

-.UU02 

-.ooui 

-.0002 

-.0001 

-.0002 

-.0001 

-.0001 

-.0001. 

-.0001 



MACH a 

.6 4 

0 

-4 

-8 


.8 4 

0 

-4 

-8 


4 

0 

4 

8 


.95 4 

0 

-4 

-8 


1.05 4 

0 
-4 
-8 


vO 

m .90 
►— 1 


Table 9-9a. SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY - 
OUTBOARD ELEVON GRADIENT - 6 F GREATER THAN NOMINAL 

L 0 


6 


-6 

-4 

0 

' £ 

0 

+2 

+4 

+6 

-•UUUtD 

“•UUU4 

-.UU04 

-.UOU3 

-.0004 

-.0004 

— • 0 0 0 5 

-•UUuD 

- • U U U 4 

-•MU04 

-.0003 

-*nou4 

-.0004 

— • 0 0 0 5 

-•uuub 

— • U 0 0 b 

-•UU04 

-•UOU3 

— • OUij4 

— • 00U5 

-.0005 

-•uuub 

- • UU U 3 

- • U U U 3 

-•U0U2 

-.0003 

-.0003 

-.0005 


- * uuuo 
-• uuo^ 
“•0011 
-•UUit 

- • uuub 
-•ooob 

-• UUUO 
— • UUOb 

-.0004 
-.0008 
-• CUOb 

-.ouol 

-.0002 

-.0007 

-•0002 

♦•UuU4 

-.00u4 
-• OOuB 
-•OOUb 
-•OOol 

— . 0006 
-.0008 
-.0008 
-.0006 

-.0008 

-.0009 

-.0011 

-.0ul2 

- • UUU3 

- • 0 UuO 
-• UOu / 
♦ .OUUH 

- • U UU2 
- • OOUb 
-•uou i 
♦•0000 

—•ouol 

-.uuob 

-.0007 

-.0004 

♦•0001 
— • 0UU4 
-•0007 
— • 00U7 

— • 0 0 U 1 
-. 00u5 
-.0007 
-.0004 

-.0002 

-.0006 

-.0007 

♦.0000 

-.0003 

-.0008 

-.0007 

♦.0004 

— • 0 Uu 0 
♦ • U0u4 

- • U 0 U 1 

-• uoul 

— • Uuoc 
♦ •000*3 
-• JUUl 

- • ouol 

-.ouol 

♦ .OUUB 

♦ .ouuu 
-•ouol 

♦ •uuun 

♦ • UUU8 

♦ •uuuo 
-•ooui 

-.0001 
+ .D0u8 

♦ .ooou 
-.OOol 

-.0002 
♦ • OOU5 
-.0001 
-.0001 

-.0003 
♦ .0004 
-.0001 
-.0001 

♦■ • 0 UU 1 

— » 00 u 1 

♦ • UU12 

♦ *000 ( 

♦•0000 
— • U 0 u 3 

♦ • OUUti 

♦ • U0U4 

— • 0002 
- • 0 U 0 4 

♦ .oou 2 

♦ .uuo 2 

-• U0U3 
-• UUU6 
- . U 004 
-. UUU2 

-.0002 
— • 00u4 
♦.0002 
♦ .0002 

+ .0000 
-.0003 
♦ .0008 
►•00G4 

♦ • OOQl 

-• uool 

♦ .0012 
♦ .0007 
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Table 9-9b. SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY - 
OUTBOARD ELEVON GRADIENT - 5 r GREATER THAN NOMINAL 

L 0 


8 


MACH a 

-6 

-4 

-2 

0 

42 

44 

46 

1.10 4 
0 
-4 
-8 

-•ouub 

4 • u U J 1 
♦ • u U 1 u 

+ • U U 1 

— • U U t >2 
4 •UUUb 

♦ *UU1U 

♦ *uuo / 

4 . 0 u u 3 

4 .uuob 

4.0007 
4 .UUU2 

4.0o0b 

♦.0012 

4.UUU6 

-.UOU3 

4.nou3 

4.n0u6 

4.COU7 

4.00u2 

-.0002 

4.0005 

4.0010 

4.0007 

-.0005 

♦•oooi 

4.0010 

4.0013 


1.15 4 

4 • 0 U UO 

♦ * 0006 

4 • 000*4 

4.000? 

4 • 00u*4 

4.0006 

4.0008 

0 

4 • u 0 U 0 

4.UU0U 

4.0000 

-•U 0 U 1 

4.0000 

4.0000 

4.0000 

-4 

4.0U0C. 

4 • OOlib 

4.000*4 

4.U001 

4.0004 

♦.0005 

4.0008 

-8 

OUUH 

-•O0U2 

4.0002 

4.0006 

4.0002 

-.0002 

-.0004 


1.25 4 

-•uuu<: 

4 .t'Ubl 

4 » LI U U 4 

4.U0U6 

♦•0004 

4.0001 

-.0002 

0 

4 • uuui 

4 . 0Uu2 

■4 .0003 

4.U0U4 

4.nou3 

4.0002 

4.0001 

-4 

4 .UUUO 

4.1J0UO 

4.0002 

♦.0002 

4.0002 

4.0003 

4.0003 

-8 

4 . uu U2 

4.U0U2 

4. 0003 

4.00U3 

4.0003 

4.0002 

4.0Q02 


l.*0 4 

4 . JUUu 

♦ .uoob 

4.0004 

♦•UUU3 

4.0004 

4.0005 

4.0006 

0 

4 . JUUb 

4.0003 

4.0003 

4.0003 

♦.nou3 

4.0003 

4.0003 

-4 

4 • UOUb 

♦ *O0U2 

4.PU01 

♦.U0U1 

4.0001 

4.0002 

4.0003 

-8 

4 * U 0 u 0 

4 *0000 

4.0002 

4.00U3 

4.0002 

4.0000 

4.0000 



Table 9-10a. SSL V AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - F0RE30DY - 
OUTBOARD ELEVON GRADIENT - 6 F LESS THAN NOMINAL 

0 

B 


MACH 

a 

-6 

-4 

-2 

0 

+2 

+4 

+6 

.6 

4 

-• UUU4 

-•uuu3 

-•UU03 

-• UUU3 

-•nou3 

-.0003 

• 0004 


0 

-• uuul 

-•Ullul 

-•UU02 

- • U 0 U 3 

-.0002 

-.0001 

-.0001 


-4 

-• UUUD 

-•UUUb 

— • UOOb 

— • 0 0 U 3 

-.0005 

— • 0005 

-.noo5 


-8 

-•UUUb 

— • UUU4 

-.0003 

— • U0U2 

-•nou3 

-.0004 

-.0003 

.8 

4 

♦ • uuuu 

♦ • 0 u U U 

— • UUO 1 

-•U0U1 

— . OOul 

♦ .0000 

♦.0000 


0 

♦ • UUUb 

♦•uUOw 

♦ .cool 

♦.0000 

♦.0001 

+•0003 

♦ •0005 


-4 

♦ • juu / 

♦ «UUU3 

-•uuul 

-.0004 

-•OOul 

♦•0003 

♦.0007 


-8 

-•uuuo 

"*lluOl 

-.0002 

— • 00U4 

-•nou2 

-.0001 

-.0003 

.90 

4 

“• UUio 

-•uuub 

-•OUOb 

♦•UUU2 

-• 00u5 

-.0008 

-.0016 


0 

— • 0 (Jo** 

-•uuu t 

— • uuo4 

-•U0U1 

-•00u4 

-• C007 

-.0009 


-4 

♦ • UUu 3 

- • U U U 3 

-.UU11 

-•0019 

-• UO 1 1 

-.0003 

♦ • 0003 


-8 

— • uU&u 

-•uuiy 

- • U U 1 7 

-•0015 

-.0017 

-.0019 

-.0020 


.95 4 

— • UUc l 

-•uui 1 

♦ .(!004 

♦•UU20 

♦ • 0Gu4 

-.0011 

-.0027 

0 

♦ • UUO** 

♦ .UulU 

♦ .0013 

♦•UUld 

♦ .0013 

♦•0010 

♦*0u04 

-4 

♦ • U U 1 2 

♦•0020 

♦•0027 

♦•0U38 

♦.0027 

♦.0020 

♦.0012 

-8 

♦ • U UdU 

♦ • si 0 c. f 

♦•0034 

♦.0043 

♦.0034 

♦•0027 

♦.0020 


1.05 4 

♦ • UUU i 

♦ • 0UU2 

♦ . U U 0 3 

♦ • UUU4 

♦ .nou3 

♦•0002 

♦.0001 

0 

♦ • bUuci 

♦ • UUUb 

♦ . UUU2 

-• UUU 1 

♦ • no j2 

♦.0006 

♦ .0008 

-4 

♦ • UUUb 

♦ • UUU** 

* .(JU02 

♦.oouu 

♦ • 0Uj2 

♦ .0004 

♦ .0005 

-8 

♦ • uuuy 

♦ • U U U b 

f.MUOb 

♦.UUUb 

♦ . 00u5 

♦ •0006 

♦ .noo9 


Table 9-10b. SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY - 
OUTBOARD ELEVON GRADIENT - 6 F LESS THAN NOMINAL 

L 0 

B 


MACH 

a 

-6 

-4 

-2 

0 

+2 

+4 

+6 

1.10 

4 

♦ • u 0 X 0 

♦eUUUtt 

♦.UUUb 

♦•OOU? 

+.0005 

4-. 0008 

4-. 0010 


0 

♦ • UUU2 

♦ •uuuu 

-.0003 

-•U0U5 

-.0003 

♦.0000 

4-. 0002 


-4 

♦ • U U U L> 

♦ • 0 U u a 

• • 0 0 0 ii 

-.0005 

-.CO j2 

4-. 0002 

♦ • 0 0 0 5 


-8 

♦ • Uuuo 

♦ •UUU6 

♦ • UU04 

♦•U0U2 

+.00U4 

4-. 0006 

4-. 0008 


1.15 4 

• uuu + 

4-. ot) 0*4 

4- . UU03 

4-. 0003 

4- * 0003 

4-. 0004 

4-. 0004 

0 

4-.0U11 

♦ . u u u y 

♦.UUOB 

4-. 0007 

4-. 0008 

4-. 0009 

+.0011 

-4 

4- . UUUO 

♦ • OUUCj 

4-. 0006 

♦•UOJb 

4-. 0006 

♦•0006 

4-. 0006 

-8 

4- . UUUO 

♦•UuU4 

4-. UUUU 

-.0003 

4-. 0000 

4-. 0004 

4-. 0006 


vO 

I 

N) 


1.25 4 

— • uuu f 

— • UuOb 

-.UU01 

♦•UUU? 

-.0001 

-.0005 

-.0007 

0 

- • u 0 u 1 

-.uuui 

♦.UUUO 

4-. UUUO 

4-.00U0 

-.0001 

-.0001 

-4 

-• uuui 

4- • OOliU 

♦ . 0002 

-.0003 

4-. 0002 

♦.0000 

-.0001 

-8 

4-. UUU / 

4 - .UUUb 

4 - .0002 

4-. oouo 

♦ .0002 

♦.0005 

+.0007 


.40 4 

♦•UUUU 

♦•UUUU 

♦.uuou 

♦•UUUO 

♦ .nooo 

♦.0000 

+ .0000 

0 

♦ • 0 0 U U 

♦•uuuu 

♦.0000 

♦.0000 

♦.0000 

♦.0000 

+.0000 

-4 

4- .UUUU 

♦•UUUU 

♦.UUUO 

♦•0000 

♦.0000 

♦ .0000 

+.0000 

-8 

4-. UUUU 

♦ • uuuu 

♦.0000 

♦•oouo 

♦.0000 

+.0000 

+.0000 
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Table 9-lla. 

INBOARD ELEVON 

- HINGE MOMENT 

COEFFICIENT 








POWER DELTA 




MACH 

5 e 

10 

a 

-6 

-4 

-2 

6 

0 

+2 

+4 

+6 

£ 

X VJ 

in/o 

4 -*jij66 

-•ouoo 

-.0054 

-.0047 

-.0046 

-.0047 

-.0048 

.0 

1 u/y 

0 —•uu£9 

”• 0Ufc2 

-• uobb 

— • U 0 4 6 

-•«046 

-.0044 

-.0042 



-4 — *ou66 

* *0061 

-•uub/ 

-•oc»b 2 

-•0049 

-.0046 

-.0043 



-8 -•ou^ 

“• uuoc 

- • 0 U bfo 

-.uob? 

-.0049 

-•0046 

-.0043 


.8 10/9 4 -.u-joo 

-•uubt» 

— • 0U4 7 

-•Uo3fl 

-.0037 

-•0036 

-.0035 

0 — • uuoo 

-• UUbi. 

— * L' 0 4 2 

— • 0034 

- • 003b 

-•0036 

-.0037 

-4 -• uubo 

— • U04 ( 

-. UU41 

-•003b 

— . r. o jb 

-• 0ti3b 

-.0036 

-8 - • uuhd 

-• 01I4.J 

-.0042 

-.0041 

-.0040 

-.0038 

-.0036 


.90 10/9 4 -*U<i4u 

“• J200 


— * U 1 4 U 

—•Cl 3U 

-.0123 

-.0120 

0 - * J 1 JO 

-.«.i,4lj 

-.0120 

-.0080 

-.007b 

-.0070 

-.HQ63 

-4 — • u 1 jo 

“ * j 1 JU 

-.<110 

-•009(’ 

-.0070 

-.0050 

-.U035 

-8 — • J o 7 b 

- . UU /b 

-.0072 

-.00 /Q 

-.00 70 

-.0005 

-.0058 


.95 10/9 4 -.olii 

ub4 

+ .i (JO b 

♦ • UObt* 

+ .' 035 

+ • 0005 

-.0025 

0 — * Lr »J ') J 

- • < 033 

♦ • 1028 

+• uoofl 

+.P0ub 

♦■•0045 

+.0024 

-4 -.UJdJ<£ 

- * ij 0 3b 

+ .duib 

+.0J83 

+.P0 J4 

f .0045 

+.0040 

-8 — * U 1 yjc. 

- • o o « b 

+ .UUl)U 

+.0067 

+.00o5 

+ .0075 

+.0084 


1.05 10/9 4 — .(ju+4 

- * 003o 

H02H 

-• 0 J 2 u 

-.0026 

-.0036 

-.0044 

0 — • uU / o 

utbb 

-.0040 

— • 00*25 

— • 00 (l3 

+.0025 

+.0043 

-4 — • 00 /2 

- • 0 0 b 1 

-.H030 

-. U 00 « 

+ .0013 

+.0035 

+.0059 

-8 -*uub9 

~ * ' * U 4 1 . 

-.0024 

— * U006 

+.0032 

+.0060 

+.0108 


Table 9-1 lb. INBOARD ELEVON - HINGE MOMENT COEFFICIENT 


MACH 6 f 
L IO 

a 

-6 

-4 

-2 

1.10 10/9 

4 “*0100 

• • HU 7Y i 

-•i.U49 

0 — • u 1 J4 

-•U«»94 

- • ('053 


-4 — • o i i y 

* • J0o2 

-.('045 


-8 "'U’Jou 

™ • <J U t'i 

-.no 73 


1.15 10/5 4 -.oiui 

-• U0o5 

-.0032 

0 *• ulou 

- • U 1 0 3 

-•<:u47 

-4 “ • 0 130 

"“•‘J1U2 

-•0U66 

-8 “*ulio 

• • U 1 U 1 

-.('064 


1 .25 10/-2 4 -.uji/ 

“• i»Ut>2 

-•0026 

0 

“•liu /l 

-•uu39 

-4 ”*0UO3 

-• !'U 7<L 

-• (.'055 

-8 “*uio£. 

— • U U ^ 9 

— • OUtJb 


1.40 10/-2 4 -' uu <^ 

— • bUtl 1 

— .001 7 

0 -« uu 39 

“• UU 30 

— • » ’ U 21 

-4 -•Oiiu 7 

— • uU‘jb 

- • u U 4 4 

_8 -• juv 9 

-• uij 93 

-.(■006 


POWER DELTA 


B 


0 

+2 

+4 

+6 

-•0023 

-.0024 

-•0025 

-.0026 

-.0011 

-.0014 

+.0039 

+.0064 

-.0004 

+.0026 

+.0060 

+.0092 

-• UU 67 

-.0046 

-.0031 

-.0014 


+.U0U1 

-.0002 

-.0005 

-.0009 

+ • (J 0 U 9 

— . 0 0 u 2 

-• 0UU9 

-.0012 

-.0035 

-•0033 

-•0031 

-.0029 

— * U u 6 8 

— • 0 0 o fl 

-• 00b3 

— • 0068 


+.0007 

+.0U U 6 

+•0005 

+.0004 

-*UU07 

"* • 0 0 o 9 

-•0011 

-• 0013 

— • U 0 39 

-•0040 

-•0041 

-.0042 

-•0073 

— . 0 0 06 

-.0069 

-.0052 


- • 0 u 1 4 

-.0007 

+.0000 

+.0007 

-• 0*13 

-. roj 9 

-.0005 

-.0001 

-• 003 ? 

"• 00^2 

-.0013 

— • 0 0 03 

— • 0 0 6 0 

-.0076 

-.0071 

— . 0066 


9-27 


Table 9-1 2a . INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT 


INBOARD ELEVON GRADIENT 


MACH a 

-6 

-4 

-2 

.6 4 

— • U U u 1 

— • uou* 

-.0003 

0 

♦ •uuut: 

• ll IJ l • 0 

-.ouo* 

-4 

— • U U 

—*OUG3 

-.euo3 

-8 

-•UUu2 

-•OUU* 

-• J'U03 


• 8 4 

-• UUui. 

— • UUO* 

—.0003 

0 

“•IiJuj 

“ • U U L b 

-• I'UOb 

-4 

— • UGul 

-•i*uo3 

-.OOGb 

-8 

+ • U U u U 

— • ouul 

-.0001 


.90 4 

+ * JOcO 

+ * 0 J2 3 

+.ouib 

0 

— * 0 iJ i 0 

— • oil 1 0 

-.uolb 

-4 

— • UUUO 

-• JUUb 

-.00 1U 

-8 

-•UUOJ 

-•uou / 

—•cuiu 


,95 4 

♦ • 0 0 1 u 

+ • liUu 1 

-• no 

0 

+*U0UO 

+ • 0 U U 3 

-•cue* 

-4 

+ ‘OUl^ 

+•0003 

+.0U0* 

-8 

+ •000/ 

+ • 1 j i ) u 1 

♦ • « i u 1 1 


.05 4 

+ • u UU + 

♦•UUOl 

- 

• I'UG* 

0 

+ • GUoo 

+• uUu+ 

♦ 

•UUOl 

-4 

- • 0 U 1 1 

-♦ 0003 

+ 

• OUOl 

-8 

— • U 0 lo 

“•ilUllj 

- 

• l’U03 


- 6- GREATER 
L I 

THAN NOMINAL 



B 




0 

+2 

+4 

+6 

-.U0U4 

-.OGob 

-.0004 

-.0003 

-•UGU4 

-.0 Gob 

-.0008 

-.0009 

— • UUU3 

- • 0 0 u 3 

-.0003 

-.0003 

-.0004 

-•0U.J3 

-.0002 

-.oool 


-• unub 

— • 0Uu4 

-.0003 

-• U003 

— * UOU 7 

— • 00u5 

-•0003 

-.0002 

-•0007 

-• 00j4 

-.0002 

+ .0001 

-•030? 

+.OUuP 

+•0001 

+ .0003 


+.0011 

+.0010 

+.0025 

-.0006 

-. 00*6 

-.0020 

-.0016 

-.0025 

-.0018 

-.0015 

-•0016 

-.0015 

-• UU 16 

-.0010 

-.0007 

-.0007 


-• uo*n 

-.00 50 

-.0042 

-.0052 

-•0007 

— • 0 0 0 6 

-•0011 

-.Ojll 

-.0002 

♦ • OOu 1 

+.0004 

+ • 0 0 0 b 

- • 0 0 U b 

-•OOuB 

-.0012 

-.0016 


-.0006 

-.noio 

-• 001 b 

-.0020 

-.0003 

-.0016 

-.0032 

-.0042 

+• 0 UU 6 

-• roo 9 

-. 00*3 

-.0039 

+ . UUU 2 

-.0017 

-.0032 

-.0057 




Table 9-12h. INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT 
INBOARD ELEVON GRADIENT - GREATER THAN NOMINAL 


8 


MACH 

a 

-6 

-4 

-2 

0 

+2 

+4 

. +6 

1,10 

4 

+ • jU2u 

+.ooiu 

♦ • flOCJU 

-.0011 

— • 0022 

-.0033 

-.0049 


0 

+■ • U U J 1 

-•UUUl 

-.(JU04 

— • U OUT 

-• nou3 

-.0026 

-.0035 


-4 

••uUuO 

— • U ( j U 4 

+ .||UU«) 

+ .(J.jlO 

+.POuO 

-.0007 

-.0010 


-8 

-• U 044 


♦ .ouoo 

+ • U 023 

+.0042 

+.0003 

+ .0083 


1.15 4 «*.(jUu3 

-•DUO 7 

-.1*011 

— • 0 U 1 6 

-• 0020 

-•0023 

-.0028 

0 ♦ . jUo3 

+ •0005 

+ .('000 

-•0004 

+.noufl 

+.0020 

+.0028 

"4 4-.0010 

+ •000 7 

+ .(•013 

+ •0012 

+.0036 

+.0027 

+.0079 

”8 -*uuo^ 

-•UUU2 

+ .UUU4 

+ .ooin 

+ .0020 

+.0031 

+.U055 


vO 

I 

NJ 


1.25 

4 

0 

-4 

-8 

— * 0 J 12 
-• cMJlU 
+ * J 0 u 2 
+ * 0 U U u 

— • UUU8 

— • 0 0 0 o 
+ • iJl»U3 
+ . U0U4 

-•(■004 
-.(•002 
+ .0003 
+ .0U04 

-•UUUl 
+.0001 
+ .0004 
+.UUU* 

+ • 0 0 (j 2 
+ e 00j3 

+.noo2 
+ .nOu2 

+.0006 

+.0005 

+.0001 

+.0001 

+.0010 

+.0008 

-.oool 

+.0001 

1.40 

4 

- • (j«JlU 

- • j o o 5 

+ •(*001 

+.U003 

+.POu 4 

+ •0006 

+ .000*7 


0 

- • UU JO 

”•0002 

— • 0 UU 1 

+.0000 

+ • c: o o 3 

+.0005 

+.0007 


-4 

+ • • J 0 J o 

+.UUU4 

+.0UU3 

+.UUOO 

+ • 0 0 j 3 

+.0005 

+.00C5 


-8 

+ • U U u it 

♦ • uuub 

♦ • ' ) U U 4 

+.UUU3 

+ .00 Jb 

+.0004 

+.0004 




t. 
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Table 9-1 3a. INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT 
INBOARD ELEVON GRADIENT - 6 LESS THAN NOMINAL 

t I 


B 


MACH a 







-6 

-4 

-2 

0 

+2 

+4 

+6 

.6 4 

-•out'* 

— .000 / 

-•UPU4 

— • nou3 

-.0002 

+.OQ00 

0 — • u u x x 

— • t » u o y 

-.0006 

“ a U 0 U 3 

-.^002 

-.0001 

♦ • 0 U 0 1 

-4 -*uuii 

— • J U U 6 

— • fiOob 

-•U0U3 

-.no 0 l 

♦.0000 

♦ .0001 

-8 • u vJ u o 

-• i J 0 U «♦ 

— .1*003 

-.ooui 

-.nu 0 l 

-.0001 

♦.0000 


.8 4 -• uuo / 

-•OOL'6 

-•oupb 

1 

• 

C 

•w 2 

c 

iT 

- * ij C u 5 

-•0005 

-•UOOb 

0 - • UUu J 

-. 1)002 

-.0002 

-•uou i 

-.0003 

-•0004 

-.0004 

-4 

- • !)UOc 

- • 00 0 1 

+•0001 

-.0001 

-•0002 

-.0004 

-8 — • 0 u o x 

“• UUL -1 

-.cuoi 

-•0001 

-• OOj 1 

-•0001 

-•oooi 


.90 4 — •jO'+j 

— • 1 : O 3 9 

-•t)03b 

— • 00 JO 

-•C040 

-.00^0 

-.0050 

0 -.UO«-b 

— • J 0 c 5 

-.0020 

-.0011 

-•OCiti 

-.0024 

-.0025 

-4 — * uosj 

-•0040 

-.0045 

-.0043 

-.0030 

-•0014 

-.0006 

-8 — •uuj'j 

- * IMj 

-.0046 

-.0049 

-.0046 

-.0044 

-.0039 


.95 4 — • uu*+x 

— * 004 b 

-.0044 

— • 0043 

-.0046 

-•00t>o 

-.0055 

0 — *UOJo 

— * o u 1 b 

+ .1*006 

+ .0026 

+.0020 

+.0015 

+ .0009 

-4 — .(jUbo 

“•000 t 

♦ • U0b3 

+•0116 

+.0052 

-.0011 

-.0074 

-8 -*uiuo 

+ • iJUit> 

♦•0076 

+.0194 

+ * 0 1 1 1 

+.0046 

-.0Q28 


1.05 4 

“ . 0 0 u + 

— * ’iUO 1 

-•'JO OH 

-•0011 

-•0012 

-.0013 

-.0014 

0 

— • 0 0 u o 

-•0004 

-.0006 

-.0012 

♦*00j6 

+.0026 

+.0042 

-4 

♦ • U 0 X 1 

♦ • 00 J J 

+ .0009 

+.UU07 

+.0020 

+.0034 

+ .0048 

-8 

♦ • U U 1 u 

“ • 0 U 1 0 

+.0056 

♦•0027 

+.0041 

+ .0048 

♦ .0067 
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Table 9-13b. INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT 

INBOARD ELEVON GRADIENT - 5 F LESS THAN NOMINAL 

L I 

6 


MACH a 

-6 

-4 

-2 

0 

+2 

+4 

+6 

1.10 4 

-• uUOU 

-• JUU4 

+ .0002 

+.0007 

+.GOu8 

+.0009 

+ .0010 

0 

+ • u 0 i b 

+ • UU 16 

+ . b 0 1 b 

+.ou2n 

+.C031 

+.0071 

+.0110 

-4 

+*UU1J 

+.OU£b 

+ • uU 5 b 

+.OU4+ 

+ .00 74 

+.0104 

+.0132 

-8 

♦ • UU JJ 

+ •004 3 

+ .0042 

+.0036 

+ » OObO 

+.0064 

+.0077 


1.15 4 

+ • u U J .5 

+ . uulo 

+.0018 

+ • U 0 2 o 

+.noib 

+.0010 

+. U 006 

0 

+ • UUU(J 

+ * U U 1 3 

+.0020 

+ *0025 

+.0034 

+.0042 

+.0053 

-4 

+ • i j U o tJ 

+ • 0 U 1 b 

+ .(>027 

+. OU 30 

+ • OObb 

+.0061 

+ .0105 

-8 

+ • UU<_o 

+ • 0025 

+ .0022 

+.0020 

+.0031 

+.0042 

+.0052 


1.25 4 

+ * U J2b 

+ •01/25 

l .( i 025 

+.0007 

+.0017 

+ .0014 

+.0010 

0 

+ • JiJ^J 

+ •1)019 

+ .0U2U 

+.0019 

+.0027 

+.0022 

+.0041 

-4 

+•0010 

+•0016 

+ •(>016 

+.0017 

+.0019 

+.0020 

+.0022 

-8 

+ • j o o o 

+ • 0 U 04 

+ .(009 

+•0014 

+.0014 

+.0013 

+.0018 


1.40 4 

■) *uUuo 

+ • C 0 0 0 

+ .1000 

+.0000 

+.POO0 

+.0000 

+.0000 

0 

4 . U 0 v ( 0 

+ • JIMJM 

+ • ( OU 0 

+ .00011 

+ .oOijO 

+ .0000 

+.0000 

-4 

f . uOuU 

+ • 0 0 1 ' 0 

+ .(>ouo 

+ .OUUO 

+.0000 

+.0000 

+.0000 

-8 

•i • J J 0 0 

+•0000 

+ .COOO 

+ .0000 

+.nOuO 

+ .0000 

+.0000 
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Table 9-1 4a. INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT 
OUTBOARD ELEVON GRADIENT - 6 P GREATER THAN NOMINAL 

L 0 


8 


MACH 

a 

-6 

«4 

-2 

0 

+2 

+4 

+6 

.6 

4 * • u uu2 


*.nuoi 

-•UUUl 

- • 0 0 0 1 

+ *0001 

♦.0002 


0 ■* • uuu J 

+ •000 2 

♦ *1)001 

“•OOUl 

-•nou2 

— • 0 0 o 3 

— •POO 4 * 


-4 -*ijuua 

-•llULl 

-•cool 

-•OOUl 

-•no jl 

-•0001 

-.0002 


-8 -•ouui 

-•UUul 

-.0U02 

-.001)3 

-.00 Jl 

4 .0001 

+.0003 


.8 4 — • uU 

-•uuoi 

-.0001 

-•unui 

-.00 Jl 

-.0002 

-.0002 

0 — • uuui 

-• UOL'2 

-•0002 

-.0003 

-.00u2 

-.0001 

+ .0001 

-4 -.ooui 

"•0002 

- • 0 U 0 2 

-•uuu3 

"•DUO? 

-•0002 

-.OOQl 

-8 — -»..U Uu^ 

-•0001 

+.1000 

+ .UUU1 

+.noui 

4 .OOUl 

+ .UQOO 


.90 4 

+ • llUtO 

+ *1*021 

♦ .0018 

+.0010 

+.0020 

+.0030 

4-. 11-030 

0 

-*■ *00u 1 

+.J0J2 

- • 0 0 0 b 

-.0014 

-.0010 

-.0007 

-r 0005 

-4 

— « UlJ x U 

-•ouoy 

- . 0 U 1 0 

— • U 0 1 2 

-.0012 

-.0006 

-.0004 

-8 

+ • UUuU 

+ • 0 u 0 0 

— • 0 U 0 2 

— • U0U4 

-.r>0u4 

-• OOufl 

-.0011 


95 4 

+ • 0 0 6 1 > 

+ •0114 / 

+.UU31 

+ .0010 

-.0005 

-.0020 

-.0030 

0 

+ • U U o J 

+ .0044 

+.UU2J 

+ .0006 

4 .0015 

+.0022 

+.0029 

-4 

+ • 0 U Jo 

+ • UU Jl 

+.UU22 

+.0013 

+ .0022 

+ .0031 

+.0038 

-8 

+ • UU4 J 

+ * 001 0 

+.0U16 

+.0010 

+.0009 

+.0007 

+.0005 


1.05 4 + *ijU14 

<■•0010 

+ • 0006 

+ *001)2 

-.0001 

— • 00U5 

-.0009 

0 + • ju i i 

+ • J U 0 o 

+ . OUOb 

+• U0U4 

+ .0017 

+ .0028 

+.0044 

-4 — *uUu J 

“•OOUl 

+.0005 

+•0007 

+ .0004 

+ •0010 

+ .0011 

-8 — • u u l / 

- • J U 1 0 

-.0003 

+.UU01 

-• 00 J6 

-.0007 

-.0021 
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Table 9-14b. INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT 
OUTBOARD ELEVON GRADIENT - 6 r GREATER THAN NOMINAL 


MACH a 

-6 

-4 

-2 

0 

+2 

+4 

+6 

1.10 4 

+ • U *J 1 0 

+•0013 

+.000 f 

+.OUU1 

-• OOoH 

-.0017 

-.0026 

0 

+ • 00 J J 

+*uuu3 

+ .( 003 

+.0003 

+.0020 

+.0010 

+.0013 

-4 

— • u o u / 

— * 0 U U 3 

+ • > • U 0 2 

+.0007 

+.0012 

+ .0017 

+.0024 

-8 

-• JU2o 

— * 0 U 1 o 

-.0006 

+.0007 

+.0013 

+• 0020 

+.0Q18 


1.15 

4 

+ • OOuo 

+ . u o o o 

+ .IJUOO 

+.0001 

+.0000 

-.0001 

-.0002 


0 

+ • O0o7 

+ • ooub 

+.OU00 

-•0003 

- • C Ool 

+ .0001 

+.0002 


-4 

+ • UU J2 

* • UUOl 

+.0001 

+•0001 

+• OOul 

+.0000 

-.0001 


-8 

+ • 0 U U u 

+ *0000 

-•0001 

-•0001 

— • OGO 1 

-.0001 

-.0001 

1.25 

4 

+ .UUiJ‘* 

+ * i) U 0 3 

+ •0002 

+.UOUO 

+ .nooo 

+.0000 

+ .0000 


0 

+ • jOO u 

+. UuuO 

+ .11000 

+ .OOUO 

+ • 0 U 0 1 

+ .ooui 

-.COo2 


-4 

— • U 0 u •+ 

- . u 0 0 3 

-.0001 

+.UOUO 

+.0000 

♦ .0000 

+.0000 


-8 

— • 0 0 llo 

— • JUU4 

-• l>U02 

+ .0000 

+ . n 0 j 0 

♦ .ooon 

-.oool 


1.40 4-.JUO-4 - • li u o 3 -.tool * • u ij u o +.OUuO -*001)1 

0 - 'u'Jui —.woo 2 -.'‘001 +.0000 — •COul -*0001 

-4 — • u u u l — • j o l» i +.uuoo +.uooi +.oouO -*oooi 

-8 +*JOoJ +.00U0 + .1-001 +.UI1U1 +.Q0u2 +.0003 


-.0001 

+.0000 

-.00u2 

+.0003 



7? o 

5 a 


r* 
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Table 9-1 5a. INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT 
OUTBOARD ELEVON GRADIENT - S F LESS THAN NOMINAL 

L 0 


6 


MACH a 

-6 

-4 

-2 

0 

+2 

+4 

+6 

.6 4 

-•uuuc; 

-•0002 

-.UUUl 

-.uoui 

+. nouo 

+.0000 

+.0000 

0 

— • U (J u J 

" • u !j 1 1' 

-.tool 

-.0001 

+.nojo 

+.0000 

+.0000 

-4 

"•UUGt 

-• UUU2 

- . u u o x 

- . U 0 11 1 

•f.nooo 

+.0000 

+.0000 

-8 

— • u : J U j 

“ • • J U U £. 

-.UUOl 

+.UUUO 

+.00J0 

+ .0000 

+.0000 


.8 4 

+ • Ouoi 

+ • 0 0 0 0 

-.0001 

-.uuui 

-.0001 

+.0000 

+.0000 

0 

+ • 00 u i 

+ • 0 U 0 c 

+.0000 

+.UOUO 

-.0001 

+.00G0 

+ .0000 

-4 

+ . oooi 

-•ouu 1 

- . 0 0 IJ 1 

-•UGUt 

-.noul 

+.0000 

+.0000 

-8 

+ . 0 J o u 

-•ouu 

-.0001 

-.0002 

-.0002 

-.0001 

— • 0 00 1 


.90 4 — • ood / 

— • (me J 

-.OUlb 

-.UUU7 

— . n 0u9 

-.0014 

- = 0018 

0 — * U Uo 1 

+ . 0 U 0 tL 

+ .0009 

+.U012 

+ . 00o6 

+.0003 

-.0005 

-4 -• Juutj 

- . 0 0 0 ‘0 

-.0005 

— • U ( ) U 4 

-.noo5 

-.0007 

-.0009 

-8 — • J0u9 

-•0009 

-.0007 

-.0005 

— • 00 

-.0006 

-.0010 


95 4 

+ . 0 0 u c 

+ • u 0 0 1 

+ . ( 003 

+• U0U4 

+.0002 

-.0001 

-.0005 

0 

+ • uuuu 

+ • uOU + 

+ . 0 U (J b 

+.UUU9 

+ .U0J6 

+ .0008 

+.P007 

-4 

+ • u U 0 J 

+ • o u 0 2 

+ .0006 

+ .UJUS* 

+ .nOo9 

+.0009 

+.0011 

-8 

+ • u J u c. 

+•0013 

+ • no03 

+ • UUU7 

+.0009 

+.0011 

+.0014 


1.05 4 

+ • UUu3 

+ . OOl 2 

+ .liUUl 

+• uuuo 

+ .C000 

+.0001 

+.0001 

0 

+ * uo J 1 

+ • 0 U o 1 

+ .0UG1 

+.U0U1 

+ • 0 0 o 2 

+ .0005 

+.0005 

-4 

+ * UUu 1 

+ *0001 

+ .0001 

+ .UUU2 

+ .nouO 

-.0001 

-.0002 

-8 

+ * U 0 u 1 

+ *0001 

+ . f'UUO 

+.UUUQ 

+.0UO0 

-.0001 

+.0092 
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Table 9-15b. INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT 
OUTBOARD ELEVON GRADIENT - 6 F LESS THAN NOMINAL 

0 


MACH a 

-6 

-4 

-2 

1.10 4 

— • ‘J U 1 J 0 

-•uUU2 

—.0001 

0 

- • U U J 

- • U 0 0 3 

- . V U 0 1 

-4 

— • J U u *4 

-• 0 0 0 3 

iJUU 3 

-8 

-• UUo*+ 

- • t ) U o 4 

-.UU02 


1.15 4 - * u u u i 

+ • u u o u 

+ .UOOU 

0 

— • 1 1 U 0 1> 

-. 0002 

-4 -.(jUul 

“ • i 1 u 0 i 

+ • U 0 u u 

-8 — • o j jo 

"* • 0 U 0 4 

-•UUU2 


3 


0 

+2 

+4 

+6 

-.ooui 

-.nuu2 

-.0003 

-.0003 

+•0002 

- • 0 C ij 6 

-♦-.0001 

+ .U00O 

— • U0U2 

+ • 0 0 j u 

+ .0001 

+.0003 

-.uuui 

-.nOol 

-.0002 

- • 0UQ4 


+ • U 0 U 1 

+.nou2 

+.00U3 

+ .0004 

+.UUU2 

-• 00u2 

-• 00U3 

-.0005 

+ * U u U J 

-• U0u2 

-.0004 

-.0005 

-•uo Ul 

- . n o u l 

-.0001 

-.0002 


1.25 4 

+ *utM / 

+ . U U U u 

+ . ('003 

+.U0U1 

+ . n u o o 

-.0002 

-.0003 

0 

+ * c> U u i 

+ • .* 0 U i 

+ . MUU 1 

+ .00 0 1 

+.0001 

+ .0001 

+.0001 

-4 

+ • u u |J X 

— * U U kj cL 

+ . ( l U Ij U 

+ .IJJUO 

+ • r Ou 0 

+.0000 

+.0000 

-8 

— . ll 0 U JL 

— • i.< U U 3 

-.('0 02 

+. uoun 

+ .D0u0 

+.0000 

-.oool 


1 40 4 +*uiJoi 

— * j 0 ( f. 

- . c 0 0 4 

— . 0 oU 7 

— • t i 0 j 5 

-.0004 

-.0003 

0 + • uuuu 

- • *J 0 u 1 

-.(>001 

-.0002 

-. 0002 

-.0002 

-.0002 

_4 — • 0 Ou 1 

- • O’ 0 0 1 

-. 0U02 

-.0003 

-.0002 

-.0002 

-.0002 

-8 — * o 0 0 1 

— • 0 0 0 1 

-.0001 

-.00U1 

-.0001 

+.0000 

+.0000 
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Table 9-16a. 

VERTICAL TAIL 

SIDE FORCE 

POWER DELTA 



MACH 

%n 





3, 





10 

a 

-6 

-4 

-2 

0 

+2 

+4 

+6 

.6 

10/9 

4 

A 

+•0309 

+•0220 

+.0113 

+ *uoon 

-•0U3 

-.0226 

-.0339 



0 

♦ • U2 /cJ 

+ • U lbb 

+.0093 

+.0000 

-.0093 

-.0185 

-.0278 



-4 

+ • u Ju2 

+ • 020 1 

+.0100 

+.0000 

-.0100 

-.0201 

-.0302 



-8 

+ • J2ny 

4«Ulbb 

+.0083 

+•0000 

— • 00d3 

-.0166 

-.0249 

.8 

10/9 

4 

A 

+*ui^y 

+• 008b 

+.0043 

+ .0000 

-.0043 

-.0066 

-.0129 



0 

+ • U ObU 

+ • 0053 

4. ('02b 

+ .0000 

-.00^6 

-• 00b3 

-.0080 



-4 

+ •110x4 

+•0010 

+ . 0 U 0 b 

4.0000 

-.000b 

-.0010 

-.0014 



-8 

+ .UU15 

♦ .0010 

4.000b 

4. 0000 

-.0005 

-.0010 

-.0015 

.9 

10/9 

4 

+ • u 1 /u 

4*0113 

+ • 00 57 

4.0000 

-•0057 

-.0113 

-.0170 



0 

4 • U 1 /u 

+.U113 

4 • 00b7 

4.0000 

-.0057 

-.0113 

-.0170 



-4 

+ •0210 

+ • U 1 4 0 

4.0070 

4.0000 

-.0070 

-.0140 

-.0210 



-8 

+ • Jl DU 

+ • Ol(Jb 

4.U0b3 

4.0UU0 

-.0053 

-.0105 

-.0156 

.95 

10/9 

4 

+ • Obo9 

4.0459 

+.0230 

4.0000 

-.0230 

-.0459 

-.0689 



0 

+ • U004 

4.(J43b 

+.0218 

4.0000 

-.0216 

-.0436 

-.0654 



-4 

+ • Oblb 

+.041U 

+. 020b 

4.0000 

-.0205 

-.0410 

-.0615 



-8 

+ • u5bo 

+ • 057 / 

+.0lb6 

4 .0000 

-.oiee 

-.0377 

- • 0566 

1.05 

10/9 

4 

+ • y 3o9 

+ • l»24b 

+.0123 

4*0000 

-•0123 

-•0246 

-.0369 



0 

+ • 03 + 0 

+ • 0 22 / 

+.0113 

4.0000 

-• 0ll3 

-.0227 

-.0340 



-4 

+ •0 2/9 

+• 0 16b 

+•0093 

+.0000 

-•0093 

— • 0106 

-.0279 



-8 

+ • U3l 5 

+•0210 

+ . ('lob 

4.0000 

-• Olob 

-.0210 

-.0315 
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Table 9-1 6b. VERTICAL TAIL SIDE FORCE POWER DELTA 



MACH 

So 

a 

-6 

-4 

-2 

6 

0 

+2 

+4 

+6 

1.1 

10/9 

4 

+ • 0124 

+•0062 

+ .0041 

+.UOOQ 

-.0041 

— • 006? 

-.0124 



0 

+ • uuu ! 

+ • 00 0 b 

+ . 002b 

+ •01)00 

-•0025 

-•0005 

-.0007 



-4 

+ * UU+o 

+ • (ill 32 

+ .UU16 

+.0000 

-.0016 

-.0032 

- . 0Q4& 



-8 

+ • il 1 l 

+ .00 tv 

+ • (.' U 4 U 

+.0000 

-.0040 

-.0079 

-.0119 


1.15 

10/5 

4 

+ * 0 l+b 

+ • U09 / 

+.0U4H 

+•0000 

-.0048 

-.0097 

-.0145 




+ • uuoo 

+•0053 

+ .0026 

+.0000 

-.0026 

-.0053 

-.0080 



-4 

+ • Od6 / 

+ .UObH 

+.0029 

+.0000 

-.0029 

-.0058 

-.0057 



-8 

+ » UUu / 

+ • U04b 

+.0022 

+.UOOO 

-.0U22 

-.0045 

— * 0 0 67 

1 .25 

10/-2 











4 

+ • UOocj 

+•0045 

+ • 0023 

+ •0000 

-.0023 

-.0045 

— * 0 0 08 



0 

+ * OUO / 

+-UU38 

+.ouiy 

+.U0U0 

-.0019 

-.0038 

-.0057 



-4 

+ • UUD / 

+•0036 

+ .0019 

+ .0000 

-.0019 

-.0038 

-.0057 



O 

-O 

+ • uut>6 

+ .0043 

+.0022 

+.0000 

-.0022 

-.0043 

— * 0065 


1.4 10/-2 4 

0 -*UUdu 

-4 +»uuic 

-8 +*Ul2x 


+•0023 +.CU11 

— - U 1 ^ -.CUUb 

+ • uui2 +.uuofe 

+ .IJUM +.0040 


+.0000 -.noil 

+.UUUO +.OO 06 

+ .UIJUO -• 00(J6 

+ .Oi/UU -.0040 


-.0023 -.0034 
+.0013 +.O 02 G 
-.0012 -.0018 
-.0081 -.01^1 



Table 9-17a. 


VERTICAL TAIL BENDING MOMENT POWER DELTA 


vO 

t 

U) 


MACH 

e io 

a 

-6 

-4 

-2 

0 

+2 

+4 

+6 



A 

+ • U lo3 

+ • IJ 1 1 U 

+ • UObb 

+.0000 

-• G0b5 

-.0110 

-.0163 

.6 

10/9 

4 

+ . ij 1 3^ 

+•0092 

+.004o 

+.0000 

-.0046 

-.0092 

-.0139 



0 

+ • 

+•0101 

+ *0051 

+.0000 

-.OObl 

-.0101 

-.0152 



-4 

-8 

+ • Ul2x 

+• UUbU 

+.0040 

+.0000 

-.0040 

-.OObO 

-.0121 

.8 

10/9 

4 

♦ *uui o 

+ • 0004 

+.U016 

+.0000 

-.0016 

-.0004 

-.0010 



0 

+ »UU 70 

+•0004 

+.0016 

+ .0000 

-.0016 

-.0004 

-.0070 



-4 

+.UU1U 

+.0U04 

+.0005 

+ .0000 

- . 0005 

-.0004 

-.0010 



-8 

+ » U u 1 0 

+• 0UU4 

+ • 0 0 0 b 

+.0000 

-.0005 

-.0004 

-.0010 

.9 

10/9 

4 

+ • UU 1U 

+ •0003 

+ • 000b 

+ .0000 

-.0005 

-.0005 

-.0010 



0 

+ *OUj<! 

+ .0J2 7 

+.0022 

+ .0000 

-.0022 

-.0027 

-.0032 



-4 

+ • U U 7 1 

+ •004 7 

+ .0036 

+ .0000 

-.0036 

-.0047 

-.0071 



-8 

+ • UU 7o 

+ • U047 

+ .0036 

+ •0000 

-.0036 

-.0047 

-.0078 

.95 

10/9 

4 

+•0673 

+.U46U 

+.0270 

+ .0000 

-.0270 

-.0460 

-.0673 



0 

+ .uo9u 

♦ • 04L0 

+ .0290 

+ .0000 

-.0290 

-.0480 

-.0690 



-4 

+ • Uo 70 

+ • U4O0 

+.0270 

+ .0000 

-.0270 

-.0460 

-.0676 



-8 

♦ • Ub3u 

+•0430 

+ .0240 

+ .00U0 

-.0240 

-.0430 

-.0630 

1.05 

10/9 

4 

+ *U33t> 

+ • UloU 

+.0140 

+ .0000 

-.0140 

-.0160 

-.0336 



0 

+ • U24C 

+•0163 

+ .0100 

+.0000 

-.0100 

-.0163 

-.0248 



-4 

+ • 0 lo2 

+ • UU9d 

+.U07b 

+ •0000 

-.0075 

-.0098 

-.0182 



-8 

+ • u lei 7 

+.UU10 

+.0079 

+ .0000 

-.0079 

-.0010 

-.0187 


O g 

0 2 

g > 

£ ^ 

9 > 

1 — 1 t?j 

a 


CO 
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Table 9-17b. VERTICAL TAIL BENDING MOMENT POWER DELTA 


3 


MACH 

e IO 

a 

-6 

-4 

-2 

0 

+2 

+4 

+6 

1.1 

10/9 

4 

+ • u lob 

+«010b 

+ •0063 

+•0000 

— • 0Gb3 

-.0105 

-.0135 



0 

+•0013 

+• ouo9 

+.0006 

+ •0000 

-• 00u6 

-.0009 

-.0013 



-4 

+.JJ44 

+ • UUbl 

+ .IJU20 

+•0009 

-•0020 

-•0031 

-.0044 



-8 

+ • UOb£ 

*■ • uoso 

+.0040 

+•0000 

-.0040 

-.0060 

-.0032 

1.15 

10/5 

4 

+ • U lOo 

+•0042 

+•0021 

+ • OuOO 

-•0021 

-.0042 

-.0136 



0 

+ • U Jui 

+«oulb 

+.0006 

+•0000 

-•0006 

-.0015 

-.0061 



-4 

♦ • UUO J 

+ •00 lb 

+.oou6 

+*0000 

-• 00Q6 

-.0015 

-.0060 



-8 

+ • UU*+o 

+•0012 

+ .9006 

+.0000 

-.0006 

-.0012 

-.0048 

1.25 

10/-2 

4 

+ • oU^l 

+ *Uu21 

+.U010 

+•0000 

-•0010 

-•0021 

-.0021 



0 

+ • u0i^ 

+•0019 

+•0009 

+*oouo 

-•0009 

-.0019 

-.0019 



-4 

+ • uuio 

+.uoib 

+ .0009 

+•0009 

-.0009 

-.0018 

-.0018 



-8 

+ »UUi^ 

*.uoi2 

+ .0006 

+.0000 

-• 00o6 

-.0012 

-.0012 

1.4 

10/-2 

4 

*♦•• UU9o 

+ • UOt-b 

+ •0034 

+ .0000 

-.0034 

-.0068 

-.0098 



0 

-•uoiu 

-•U0U7 

-.0005 

+ .0000 

+ .0003 

+ .0007 

+ .0010 



-4 

+ • OOUo 

+ •0001 

+ • U 0 U 1 

+ .0000 

-• 0001 

-.0001 

-.0006 



-8 

+• UU^U 

+ • UObU 

+ .UU20 

+ •0000 

-.0020 

-•OObO 

-.0090 




f 


L 


Table 9-18a. VERTICAL TAIL TORSION MOMENT POWER DELTA 


6 


MACH 

e io 

a 

-6 

-4 

-2 

0 

+2 

+4 

+6 

.6 

10/9 

4 

— • u uC5 

"•uOfcO 

-.rubi 

+ .UP0P 

+ 0 51 

+.0080 

+ • 0055 



0 

- • 

— • l- u 6 0 

-.U04b 

+.0000 

+ . f' 0-+5 

+. OOoO 

+.0035 



-4 

— • ui)5u 

— • Ju / U 

-.0Ub0 

+.0000 

+.robO 

+.0070 

+.0050 



-8 

-•tlUni 

-•iiii/'J 

-• UUbU 

+ .0000 

+.P0s0 

+ *0070 

+ • 0 0 4 1 

.8 

10/9 

4 

n 

-• UUSO 


-.0014 

+ .uouo 

+.0014 

+•0028 

+.0030 



U 

A 

— • uU20 

- • 0 U 1 7 

- • 0008 

+.OOUC 

+.00ob 

+.0017 

+.0020 



“4 

O 

— • u J UH 

- • 1.1 (J U J 

— • 0003 

+.0000 

+.00u3 

+.0003 

+.0004 



-o 

— * Cl U J4 

-•uuu3 

-.0003 

+.U0U0 

+.0003 

+ .0003 

+.0004 

.9 

10/9 

4 

-• UUi3 

“ • 01)0*3 

-.003/ 

+ .urjOC( 

+.0037 

+ .0065 

+.Ooi2 



0 

A 

-• UU1<£ 

— • 0 Ut»L 

-.(•U3b 

+ .U000 

+ .0035 

+ .0062 

+ .0012 



-4 

o 

- * u j j9 

- • ‘JUC 2 

-.003b 

+ .OOUO 

+.0035 

+ .0062 

+ . 0oo9 



-o 

- • U U i / 

“•UU /O 

-.003b 

+ .U0U0 

+ .0035 

+.0070 

+ .0017 

.95 

10/9 

4 

A 

- • ySdcl 

-.0391 

-.0204 

+ .UUU0 

+.0204 

+.0391 

+.052 2 



0 

-• 0 ^>w)l 

"•0396 

-•0212 

+ •0000 

+.0212 

+•0395 

x • 0 5 3 1 



-4 

“* • j J 1 u 

- • U 36 5 

-•(•199 

+ .UU00 

+ .0199 

+•0383 

+.0510 



-8 

-• u49d 

"•03/4 

-•019b 

+«ojun 

+•0195 

+•0374 

+.0496 

1.05 

10/9 

4 

A 

— • o 286 

- • U 1 3 1 

-•oioi 

+ .U(IUfj 

+• oioi 

+•0131 

+ .0286 



0 

-• L»2 lo 

-•UU9H 

-.0093 

+ .U0UO 

+ •0093 

+•0090 

+ .0218 



-4 

- • o l6u 

" • U u / 3 

— * 0U68 

+ .0000 

+.OO08 

+ •0073 

+ .0J.60 



-8 

-•0150 

" • l?U /2 

- * OUod 

+.UU00 

+ • 0 OaO 

+•0072 

+.0152 



Table 9-18b. VERTICAL TAIL TORSION MOMENT POWER DELTA 


VO 

I 

o 


MACH 

e I0 

a 

_A 

W 

-4 

-2 

0 

+2 

+4 

+6 

1.1 

10/9 

4 

-•0122 

-• u091 

-.0062 

+ . u o u n 

+.n0o2 

f .0091 

+.0122 



0 

-•uuai 

"• 0 GOo 

-.0049 

+ .0000 

+•0049 

+ •0006 

+ .0021 



-4 

-»UU47 

“•0C3t> 

-•002b 

+.0000 

+ * 002b 

+ •0035 

+ . UQ47 



-8 

— • U ofi-l 

- • Jtt'O 

-.0*041 

+.0000 

+•0041 

+ • OubO 

+ • Ou cJ 1 

.15 

10/9 

4 

— • 0 1^2 

-•UU28 

-.0002 

+ .0000 

+.0002 

+.0026 

+.0132 



0 

- • l.L»69 

• • U 0 i *0 

— • 0 0 u U 

+•0000 

+*C0u0 

+•0015 

+.0069 



-4 

-•0069 

— • 00 lb 

-.cuou 

+.0000 

+ .0000 

+ .0015 

+.0069 



-8 

-*uu +9 

“ • U 0 U v 

-.0000 

+ • uo on 

+ • 0 0 u 0 

+•0009 

+.0u49 


.25 10/-2 4 

-• 0 050 


-.0016 

+-UU00 

+.0016 

+.0032 

+ • 0 Q 50 

0 

— • uu28 

“• C 03 b 

-.0016 

+.U0O0 

+•0016 

+.0033 

+ .0028 

-4 

-• uU £9 

“ * oulb 

-.0009 

+.0000 

+ .0009 

+ .0018 

+ .0029 

-8 

-. uo22 

-•u0l2 

-.000b 

+ .U0U0 

+ .0006 

+.0012 

+ .0022 


1.4 10/-2 4 

-• uUl7 

-. (1U09 

-•0005 

+ .00U0 

+ • 00 u5 

f .0009 

+ .0017 

0 

+ * U0u5 

+ •0005 

+.0003 

+.0000 

-•0003 

-•0005 

-.0005 

-4 

- * uoC9 

-* l)U03 

-•0003 

+ .0000 

+ • 0Gj3 

+•0003 

+. U009 

-8 

- • ju&o 

-•0044 

— • UU2U 

+.0000 

+.0020 

+•0044 

+ .0Q60 
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Table 9-19 

FOREBODY FORCE COEFFICIENT TOLERANCES - SSLV AND ELEMENTS 




« c A 



MACH NO. 

SSLV 

ORB 

ET 

SRB(l) 

.6 

.0038 

.0010 

.0010 

.0025 

.8 

.0038 

.0010 

.0010 

.0025 

.9 

.0038 

.0010 

.0010 

.0025 

.95 

.0052 

.0012 

.0012 

.0035 

1.05 

.0037 

.0017 

.0017 

.0020 

1.1 

.0035 

.0015 

.0015 

.0020 

1.15 

.0035 

.0015 

.0015 

.0020 

1.25 

.0045 

.0014 

.0014 

.0025 

1.40 

.0040 

.0013 

.0013 

.0025 




± aC n 



.6 

.0068 

.0060 

.0030 

.0010 

.8 

.0077 

.0070 

.0030 

.0010 

.9 

.0094 

.0080 

.0040 

.0020 

.95 

.0101 

.0080 

.0050 

.0025 

1.05 

.0099 

.0080 

.0055 

.0015 

1.1 

.0089 

.0070 

.0050 

.0015 

1.15 

.0067 

.0050 

.0040 

.0015 

1.25 

.0055 

.0030 

.0030 

.0025 

1.40 

.0079 

.0030 

.0020 

.0050 




+ACy 



.6 

.0083 

.0080 

.0005 

.0015 

.8 

.0083 

.0080 

.0005 

.0015 

.9 

.0093 

.0090 

.0006 

.0015 

.95 

.0109 

.0100 

.0007 

.0030 

1.05 

.0098 

.0080 

.0010 

.0040 

1.10 

.0093 

.0060 

.0010 

.0050 

1.15 

.0082 

.0040 

.0008 

.0050 

1.25 

.0064 

.0030 

.0006 

.0040 

1.40 

.0052 

.0030 

.0006 

.0030 
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Table 9-20 



SSLV AC M = / (AC U ) 2 + (aC u ) 2 + (aC u ) 2 + (aC* ) 2 

TYPICAL SSLV "U "o n ET n RSRB h LSRB 
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Table 9-21 

FOREBODY FORCE TOLERANCES - COMPONENTS 


WING 

TOLERANCES 

VERTICAL TAIL TOLERANCES 

MACH 

+ACNW 

+ACYV 

.6 

.0050 

.010 

.8 

.0050 

.010 

.9 

.0050 

.030 

.95 

.0050 

.030 

1.05 

.0060 

.030 

1.10 

.0065 

.010 

1.15 

.0060 

.008 

1.25 

.0040 

.010 

1.40 

.0040 

.006 
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Table 9-22 

FOREBODY MOMENT EQUATIONS - COMPONENTS 


WING 


AC BW aC NW 1 L 1 


e) 



VERTICAL TAIL 



(l\ 

2 


aC BV ^ 

aC y v (l7 

+ 

C YV ( L / 


„ - 


L 1 'J 

I 

1 

aL,, =i 


2 

+ 

r f AX v] 

TV | 

Y V \L / 


YV \ L / 


HINGE MOMENT 

ACHEI = ACHEI 
aCHEO = ACHEO 


WING ' 



y 

X 

z 1# 

MACH 

J w 

b 

w 

c 

V 

L 

.6 

.091 

-.22 

.60 

.8 

.095 

-.20 

.75 

.9 

.098 

-.27 

.42 

.95 

.105 

-.26 

1.10 

1.05 

.110 

-.26 

.72 

1.10 

.100 

-.28 

.91 

1.15 

.110 

-.32 

.63 

1.25 

.110 

-.33 

.34 

1.40 

.110 

-.32 

i 

.45 


1 For Wing 

b = 936.68 " 
= 474.81 " 


VERTICAL 2 



4Z V 

L 

x v 

L 

4X V 

L 

+ACHEI 

.20 

.34 

.10 

.0050 

.20 

.33 

.10 

.0050 

.20 

.59 

.17 

.0100 

.25 

.84 

.20 

.0130 

.30 

.51 

.25 

.0100 

.30 

.81 

.20 

.0080 

.20 

.87 

.20 

.0070 

.15 

.78 

.15 

.0050 

.30 

.40 

.10 

.0050 


2 Vertical 
L = 199.8 in. 


+ACHE0 


.0020 

.0015 

.0040 

.0100 

.0030 

.0010 

.0010 

.0010 

.0010 
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Section X 
CONCLUSIONS 


The IA119 test resulted in an appreciable amount of good plume induced 
aerodynamic data. Problems with the data were very limited and the power off 
data compares very good with other tests. 


The base pressures showed good trends when plotted versus the current 
similarity parameter. This trend adds confidence to the similarity parameter 
and the test data. 

The major independent variables that change the plume induced aerodynamic 
characteristics are angle of attack, angle of sideslip, inboard elevon deflec- 
tion and SRB and SSME power level. The base and foreb'idy plume induced 
aerodynamic characteristics and tOLerances have been developed into math models 
compatible with the forebody math models. 

The orbiter base plume induced aerodynamic characteristics are the result 
of a complicated integration of pressure coefficients and power delta pressure 
coefficients, that when combined with the forebody data, produce the proper total 

vehicle aerodynamic characteristics. 

The ET base plume induced axial force is larger than previous analyses 
have predicted, however, it is felt that the present results are consistent 
and representative of the ET base pressure environment. 

The plume induced near field (base environment) and far field (orbiter 
forebody wing and hinge moment data) had good consistent trends when plotted 
versus the plume similarity parameter. The consistency of the data for both 
the near field and far field added confidence in the similarity parameter used. 
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Section XI 
RECOMMENDATIONS 

A computer program was developed to integrate the pressure data for 
all elements and components and tabulate the results and the results of the 
gauge data. The tabulated results and plotted power variation data represent 
approximately 1500 computer printout pages. Time did not permit an extensive 
analysis of all the data. It is recommended that additional analyses be 
conducted of the vertical tail data, wing d.ita, inboard hinge moment data and 
orbiter fuselage data. 
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